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PRRFACE

The two computer programs. described in this report-—a simulation
‘model of vehicle traffic through fields of emplaced sensors, and a pat-
tern detection algoritlm of two-way traffic through an emplaced sensor
field——were developed as part of Rand's investigation of the employment
of USAF tactical air forces for interdiction campaigns. :The study was
in part responsive to a request by the Commander, Eglin Air !orci“'m.f.
for assistance in conducting and evaluating the Dune Moon sensor-system
tests initiated by former Secretary of Defense Robert McNamara.

The programs described here will provide the Air Force with a means
for exploring the effectiveness of various types of emplaced sensor
fields. In addition, they permit a firast step toward cresting an auto-
matic capability that should prove superior to the manual methods cur-
rently used to evaluate information provided hy fields of emplaced
sansors. \

Pull information to operate both computer programs is provided.
The report is intended to assist Air Force and other Department of De~
fense agencies in exploring the ussfulness of emplaced sensor fields,
in making decisions ccncerning their use, and in designing and operat-
ing appropriate data-processing techniques. This report should be used
in conjunction with Anthony P. Ciervo, Automatic Track Identifioation:
An Adaptive Pattern Recognition Algorithm, The Rand Corporation, R-1187-
PR, January 1973
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" Tt report providas the necessary information for using two sep~-
arate computer programs: (1) a simulation model of vehicle traffic
through fields of emplaced magnetic, acoustic, or seismic sensors; and
(2) a pattern detection algorithm of two-way vehicle traffic Lhrough a
field of smplaced sensors. '

The simulation model supplies the user with a device to simulate
detection patterns of differeant sensors under varying veh'clie~flow and
background (faise~alarm) conditions. In addition, it provides inpute
to the pattern detection algorithm allowing precise verification of the
pattern recognizer's ability to detect vehicle flow.

The pattern detection algorithm is designed to accept inputs from
the simulation model to allow proper selection of critical parameters.
It is also designed to accept real-world data--both actual detections
and false alarms--of vehicle flow past fields of sensors. The algorithm
is adaptive in that it will eliminate from consideration sensors that

i - 2 e i -

provide incorrect information based on previous performance. The pat-
tern detection algorithm, when used with the simulation, will specify
the number of vehicle convoys actually detected and the number of vehi-
cle convoys incorrectly identified. Actual times of detection and di-
rection are produced for each supposed convoy identified.

This report should be used in conjunction with Rand report R-1187-
PR (see Preface above), which describes the analytical basis for these

R T RN i I

. two computer programs.
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PART A:

THE SIMULATION MODEL
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I. _ INTRODUCTION

The simulation model described here deals with the detection of
vehicle flow threugh a field of emplaced sensors. The model permits
the user to explore the sensitivity of various sensors to single or
multiple vehicle traffic in two directions, simultaneously, through a
string of lenaors.* Three levels of background disturbance (false
‘alsrms) may be specified by the user. The individuval sensor detec-
tions~~vehicles and false alarms--may be stored on an external medium
(tape or disk) for later use by the pattern recognition algorithm
(described in Part B), thus serving as a verification and parameter-
selection device for that algorithm,

The simulation model wae written in the SIMSCRIPT II+ language for
use on The Rand Corporation IBM 360/65 computer. It requires a region
size of 76 k bytes and standard input and output devices. Written as
an experimeantal model for that machine, it may require some modifica-
tions for other instellations.

This part of the report provides a brief description of the proces-
sing performed by the simulation model and controlled by the user, some
limitations of the model, a detailed description of inputting data teo
the model, a description of simulation output, and an interpretation of
error messages provided by the simulation.

—
An analytical treatment of this model is described in R-1187-PR,
cited in the Preface.

TThe particular version was SIMSCRIPT II1.5 marketed by Consolidated
Analysis Centers, Inc.
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I1I. PROCESSING PERFORMED

Single or multiple vehicle traffic (convoys) travereing a sensor
string in two directions may be simulated with the model. Sensor sen-
sitivity may be specified or based on randomly drawn degradation from
some nominal sensitivity, depending on the actual sensor characteristics
the user wishes to duplicate. Each sensor is capable of multiple da-
tections as long as a vehicle is within the sensor's aphere of influence
and the sengsor is capable of detection. Detection would not be possible
if the sensor were in the dead-time period immediately following a pre-
vious detection.

Realism is introduced into the simulation by permitting sensors to
be exposed to several levels of background disturbances (false alarms)
that can also result in detections. The output of the model includes
statistics on convoys, convoy size, and average detections for each sen~
Bor per convoy, per unit time, and per vehicle. Statistics are also
presented on false alarms. The model is capable of a visual display of
detection patterns and storage (on tape or disk) of detections for use
by the pattern detection algorithm.

The user may specify the foilowing:

1. The length of the road segment along which a specified number
of sensors are to be equidistantly emplaced.

2. The probability of detecticn of a vehicle within a sensor's
sphere of influence. This is expressed as an isosceles tri-
angular distribution (except in the case of magaetic gensors,
which can be specified to have a single detection probability
P). The accuracy of the detection computation is controlled
by an integration step size specified by the user; the smaller
the integration step size (i.e., increasing the number of
divisions of each triangle), the more accurate the determina-
tion of a detection of a vehicle or group of vehicles. How-
ever, too large a number of integration increments severely
slows simuiation execution. We have experienced good results
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for 1 to 9 vehicle convoys and velocities of 10 to 50 mph
using 50 to 75 increments.

The base of each triangle, which would represent the sphere
of influence of a perfect sensor emplaced in the center of
the road segment.

A normal distribution of location deviations a sensor would
experience if emplacad by air. The simulation can thus intro-
duce the realism of air-delivered sensors by degrading the
sphere of influence of each sensor. Further, realism is in-
troduced by allowing the user to specify a probability that
the sensor will be destroyed on impact. If the uvser desires,
all triangles representing sensors may have identical
characteristics,

The time a sensor cannot transmit immediately after a
detection,

The spacing between vehicles in a convoy as a function of
convoy velocity.

Convoy generation rate as a Poisson process, the probability
of various numbers of vehicles in a convoy, and beta distri-
bution of convoy velocities, which change at each sensgor.
Three levels of background disturbances (false alarms):
ambient, low, and high. These would represent the environ-
ment the user wishes to simulate. Each false-alarm level
occurs as a Poisson process, with a uniform random duration
specified for each. If two false-alarm levels arrive simul-
taneously, the one with the higher level is considered active.
All sensors are exposed equally to false alarms, which are
also a Poisson process.

Whether a visual-time printout of actual detections is de-
sired. This printout shows vehicle detections (differenti-
ated by direction), false-alarm datections, and firat and
last vehicle passage past the midpoint of each sensor.

The total number of convoys to be simulated or the total time

to be simulated.
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III. RESTRICTIONS AND LIMITATIONS

The following restrictions and iimitations of the model should be
observed:

1. Each sensor is equidistantly spaced along the road segment, L,
as illustrated in the diagran below.

XN AN

gy o
i

Thus, detections may start as early as b/2 before the rvad
segment; likewise, they may ena as late as L + (b/2).

2. Because of computational restrictions, sensor midpoints may
not be closer to one another than b/2.

3. Although the simulation accommodates traffic flowing in two
directions, it does not permit vehicles passing one another
in one direction. Whenever a convoy enters a sensor's sphere
of influence and there i1s already a convoy of slower velocity
ahead of it, the velocity of the convoy will be set equal to
that of the earlier convoy.

4. Computations of detections of convoys going in opposite direc~

tions through the same sensor are performed independently.

5. There must be a minimum of three sensore in a string.
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IV. HOW TO USE THE SIMULATION MODEL

INPUT DATA FORMATS

A datum requiring a decimal point is shown by (D); a datum re-
quiring an integer value is shown by (I); and a character datum is
shown by (A). Other parenthetic symbols represenc the variable name
internal to the program.

lData are entered in free format. The only restrictions are that
there must be at least one space between entries, and a datum of =ero

must be entered. Data may be continued on a new card.

New Card--Commente Card
Any comments, taking up to eighty columns, the user desires to

title the output listing.

New Card(g)--Sengor and Control Information

a. Print control (PRINT.MAP) (n
If a graph of detections and false alarms is
desired as the simulation progresses, enter 1.
Otherwise, enter 0.
b. Number of convoys {(MAX.NBR.CONVS) (1)
The maximum nuvmber of complete convoy passages
desired before stopping the similation.
~. Time control (MAX.TIME) ()
The maxiwum length of simulated time (minutes)
allowed fcr the simulation., Simulation halts ac the
first completed corvoy passage whose completion time

is greater than this value.

d. Road segmeut iength (ROAD.LGNTH) (D)
Length of road segment in meters.
e. Number of sensors (N.SENSORS) (I

Number of equally spaced sensors along the road

segment. Must be greater than 2.
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f. Integration increments (1)
Enter 1, if magnetic sensors are desired;
otherwvise, enter the number of trianguler distri-
bution increments.
g. Maximm permitted triangle base (NOMINAL.BASE) (D)
b, base length, in meters, of a perfect sensor
dropped in the center of the road.
h. Destruction probability (PROB.DEAD) o)
The probability (0 < p < 1) a sensor will be
destroyed on impact.
i. Normal distribution standard deviation (STD.DEV) )]
The standard deviation in meters of the spec-

ified normally digtributed drop pattern of sensors
about the road.
j. Sensor dead time (DEAD,TIME) (M)
The time, in minutes, that the sensor cannot
transmit after a2 detection. Must be greater than
zero.
k. Coefficient (AREA) ()
(1) If the sensors to be simulated are magnetic
sensors, enter the probability of the sen-
sors' ability to detect. Must be lese thau
or equal to 1.0.
(2) For runs where a constant base is desired
for all sensors, enter the height of the
sensor triangle. Each base will be the value
entered for maximum base in item g above.
(3) For simulation of sensors distributed about
the road, enter the coefficient cl.*
1. Coefficient two (C.2) (®)
For simulation of sensors distributed about the

"
road, enter the coefficient Cye Otherwise, enter 0.0.

*
See R~1187-PR for a discussion of how these constants should be
computed.

E
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m. Random seed (SEED.V(8)) (1)
Enter any of the ten random seeds shown in
Appendix A. Ths sequence of random numbers thus
started selacts the distribution of censors about
the road. On subsequent runs, entering ths ssme
number will yield the same random number stream,
or entering a new number will yileld a different
stream.
n. Base control flag (RAN.NER) ' (D)
If all sensor triangles are to have the same
base, onter 1.0. The base will be that in item g
above. Then enter the height of the trisngles in
item k (2) above. Othazwise, enter 0.0.
o. Truck spacing (SPACE.FACTOR) )
Enter the spacing, in meters, desired between
trucks for each kilometer par hour of convoy velocity.
p. Constant convoy generation flag (CONSTANT.CON) (1)
Entering 1 will cause all convoys to be gener-
ated with a constant interarrival time at the spec-
ified mean rate. Otherwige, enter 0.0.

New Card(s)--Trucks in Convoy Dietribution

Pairs of Values

lst Cumulative prob, Py (D) of number of trucks, '1.‘1 (1)
2d  Cumulative prob, Py (D) of number of trucks, T, (I)

[] . L] L]
» L 4 ’ .
. L4 » .

ath Cuxsulative prodb, Py (D) of number of trucks, Tn (1)
Enter an asterisk (*) after 'l.‘n.

New Card(e)--Westbound Convoy Information

a. Convoy rate (RATE.CNV) ()
Mean of a Poisson distribution. The average

number of convoys generstad per minute.
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b. Mean convoy velocity (MEAN.VEL) ®)
Mean of a beta distribution. The average
velocity of the convoys in kilometers per hour.
c. Modal convoy velocity (MODE.VEL) ()
Mode of a beta distribution. The modal
velocity of the convoya in kilometers per hour.
d. Upper bound on velocity (UPPER.BND) (D)
The highest possible velocity of a convoy
in kilometers per hour.
e. Lower bound on velocity (LOWER.DBND) (D)
The lowest possible velocity of a convoy in
kilometers per hour. Must be greater than zero.
f. Direction name (DIR. SYMBOL) (A)
The convoy direction may be designated by
using any four lettera. For convenlence, WEST
is suggested. Such a convoy will always start at
sensor 1.

New Card(e)-~Eastbound Convoy Information

Enter items a through e as for the westbound convoy. The values
may be different. The entry for £ can be EAST or any other four-letter
symbol. Convoys for thie direction always start at the nth sensor.

New Card(s)--Falese-Alarm Information

a. Ambient arrival rate (LAM) (D)
This is the arrivul rate of false alarms of the

lowest density (level 1). It is the mean of a
Poisson process. It is entered as number per minute

for a single zensor.
: b. Medium arrival rate (LAM) (D)
’ Arrival rate of false alarms of the medium

density (level 2); false alarms in number per min-

ute for a single sensor.
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¢. Maximum-level, 2-burst length (UB) (D)
Upper bound of a uniform distribution determin-
ing burst length of a level-2 false alarm in minutes.
d. Minimum-level, 2-burat length (LB) (D)
Lower bound of the uniform distribution that
determines burst length of & level-2 false alarm in
minutes.
e, Arrival rate of level-2 bursts (GAM) (D)
The rate at which bursts of level 2 arrive. The
mean of a Poisson process in number per minute.
f. High arrival rate (LAM) (D)
Arrival rate of false alarme of the highest
density (level 3); false alarms in number pcr minute
); ‘ for a single sensor.
b g§. Maximum—-lovel, 3-burst length (UB) (b)
;t_ Upper bound of a uniform distribution that de-
%: termines burst length of a level-3 false alarm in

minutes.
h. Minimum-level, 3-burst length (LB) M)
Lower bound of the uniform distribution that

determines burst length of a level-3 false alarm in
: minutes.
”ﬂ' i. Arrival rate of level-3 bursts (GANM) {D)
| The rate at which bursts of level 3 ar).ve. The

mean of a Poisson process in number per minute.

A SAMPLE DATA DECX
The following figure (from Appendix B) shows a sauple data deck
punched from the above input data formats:

TS IS &6v EXASSLE F THEE S{RULATINY 9ONFL 2 NEC 1972
‘1" 7? nl"ﬂn.O 1000,0 5 50 250,00 0,2 2040 0,15 40,0 1000,0 K10R509
N, . 0
Nl N3 2 0,6 13 N6 & N9 5 1.0 & =
Nl 26,00 20,0 35,0 15,0 HESY
N6 26,0 20,0 315.0 15¢% FAST
D% 1.5 As0 0O,% 0,7 3.0 0.5 0,01 n,ns

-l e ———————————
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A 1000-mster road segment has bsen selected on which five sensors have
boon equidistantly spaced and dropped randomly. Vehicles traverse the
road segment in two divections.

INTRRPRETING THE SIMULATION OUTPUT
Figure 1 shows & sample of the description of the imput data deck

and some of its ramifications. This description is produced by each
simulation rur. The first line after the heading is a repeat of the
comment card in the data deck. The second line gives the data comtrol-
ling the length of the simulation in convoys gensrated and/or total tims.

soeee SIMULATION OF TRJCK CONVOVS NOVING IN Twl DIRECTIONS TVRU A SENSOR FIELD ceees

THEIS 535 AN EXANPLE OF THE STMULATION MGDEL 2 OSC 1 oK
Sll&l?l’ HALTS 1P TINE EXCEEDS 1000.000 NiIN. OR cms GENERATED EXCREODS 20

s0¢ SENSOR PARANETERS +9o

AQUTE JEGMENT (S 1000.00 N, l“" S RQUALLY SPACED 3ENSORS.
CACH WITH NDMINAL BDASE OF 280.00
THE COEPF. POR CONPUY ING HIM MI (€1} 40.00 (C2) 1000.00
uuv SENSOR TRIANGLE MAS INCRENENTS .,

PROS. THE SENSOR 1S OEAD ﬂ INPACT IS «200. STANDARD DEVIATION
nou THE ROAD IS 20.0. THE DEAD TINE OF A SENSOR AFTER ACTIVATION
13 150 NIN. THE RANOON SEED FOR SELECTING TRIANGLES 1S 0108309.0

oo+ SENSOR ATTRIBUTES oeo
SENSOR  BASEIN.) SLOPE X DELYAS DELTASIN.) AREA DEAD(=1)

1 250,00 00560 5.000 $.00 ]
2 267,73 «00129% 4,993 .87 [}
3 208409 -0012¢ (3,1} 3. 99 -]
4 [ B O« ' 3.99 1
] 249,00 +0016¢ 4.902 467 ]

*ee CONVOY INFORNATION +oo

UISYANCE BETHEEN TRUCKS IN A CONVOY 1S5 1.0000 M. FOR GACH KN/HR.
DISTRIBUTION OF TRUCKS IN & CONVOY
TRUCKS CUMLAT IVE MO8

«100 B

«300

«400

«600

«990

1.000

[ A X X1 1 |

TME WELY OIRICTION MAS A COWVOY RATE OF <100 PER NIN. WHICH 1S ONE
CoNvOY SVvERY 10,000 NiIN., TnE MO VELOCITY IS 24,0 RN/WA,

TIE NODE VELOCIYY IS 20.00 K/ TNE SLOWEST (S 15,00 KN/MR.
AND THE FABTESY 13 33,80 Wﬂ" K1 18 2.125 AND K2 !f 2.379

el EAST DIRECTION HAS A CONVOY RATE OF «000 PER NIN. WNICH 1S ONE
CoNvoY Sviry 16.6407 NiN. THE WG V(lﬂl" 18 24,0 .

THE NODE VELOGETY IS 20,00 RA/MR, ME SLWESY (S 15,90 KN/wa,
AND THE PASTERT 15 35,00 KAMR.. K} IS 2,104 AND K2 1S 2.001

ose FALIL ALMRN INFORNATION oo
H.lll‘l“ﬂ. Mﬂ:“ﬂnll NIN BURST ININ) NAX BURSY (lll) ARR/NIN

2 7.500 +«500 4.000 <200
3 18.000 «010 « 500 «050

Fig.1 — Desc-iption of input data deck
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Under SEWSOR PARAMETERS are the langth of the road segment in
meters and the number of sensors. The second line shows the base size
of a perfect sensor cmplaced on the road segment, followed by the two
coefficients used to determine the height of the triangulsr distri-
bution of the represented sensor. The naxt line indicates the number
of increments each triangle will have for computing the probability of
detections. The next three lines contain several items: the usaer-
inputted probability that a sensor will be destroyed on impact, the
standard deviation (meters) of the normal distribution that is used
for randomly selecting the distance from the road that a sensor is em-
placed after being dropped, the dead time of the sensor, and the random
seed, The random seeds determine the starting point of random draws
from the normal distribution. .

SENSOR ATTRIBUTES are the resulting characteristics of each sensor
after its distance from the center of the road is randomly selected
from the normal distributfion. The effective base is shown for each
sensor. A zero indicates the sensor was destroyed on impact or landed
too far from the road to be effective. 1If it was destroyed on impact
(ehown by a 1 in the column labeled DEAD), it will never transmit false
alarms. The column labeled SLOPE X DELTAS gives the factor that, when
wmultipiied by the positiin of a vehicle in the sonsor field of influ-
ence, will yield the probability of detection at that point. The column
labeled DELTAS{M.) gives the width of each increment of the triangular
distribution. During the simulation, a vehicle moves this increment

before a calculation of the probability of detection ic made. The column

labeled AREA is the area of each sensor's triangular distribution and
represents the sengitivity of the sensor for detecting vehicles of a
given velocity.

Under CONVOY INFORMATION the distance between trucks in a convoy
comes directly from the input data, as does the size of convoy distri-~
bution. Each time a cduvoy is genarated, a uniform random variate is
drawn to detarmine the number of trucks in the convoy. For example, if
a number between 0.6 and 0.9 is drawn, the convoy will have five trucks,
or if a number between 0.0 and 0.1 is drawn, it will have one truck.

o e, s A W)
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The next two pavagzaphs in Fig. 2 reflect the information on con-
voys traveling in the west and east directions and etart with the mean
rate (Poisson process) at which convoys will be generated, followed by
the beta distribution information on convoy velocity. Kl and K2 are
the parsmeterd of the distribution computed from this information. Each
time a convoy starts through a sensor, its velocity is computed by ran-
doz sampling from this distribution.

Under FALSE-ALARM INFORMATION, the three slarm levels are shown
(1 = ambient, 2 = low or medium, 3 = high). They must have increasing
ALARMS/MIN, which 1is the msan of the Poisson process that generates
false slarms to sensors when a particular level is on. The ARR/MIN
column gives the mean arrivsl rate (Poisson process) of each level of
falge alarms. Of course, if neither alarm—leval 2 nor 3 is on, level 1
(ambient) will be. MIN BURST (MIN) and MAX BURST (MIN) are the inputted
ninimm and waximum times (minutes) of the uniform distribution of the
duration of level-2 and level-3 false alarms.

Pigure 2 shows an example of the printed output the user can obtain
by exercising the print-control option (field "a" of the sensor- and
control-input data). The simulated time in minutes is shown down the
left side. The increment of time is the sensor dead time. In the column
for each sensor, E or W represents a vehicle detection for a convoy
traveling from the east or west. The + or ~ represents the passage of
the first and last trucks of the convoy past the midpoint of a sensor
(+ 1s for convoys from the east, and - for convoys from the west).
Usually these signs are paired, but occasionally only one is shown. A
single occurrence is the result of (1) the passage o only a single
vehicle or (2) a convoy speed that is too fast relative to the time
increments printed. The symbols 1, 2, * represent false alarms of level
1, 2, and 3, respectively.

An example of summary statisticse relating to false alarms is given
in FPig. 3. SYSTEM FALSE ALARMS are the number of times each alarm level
wvas on during the simulation. This item is shown under NO. OF BURSTS.
The average length of time sach was on is shown under AVG. BURST LENGTH
(MIN). The number of times each level was on divided by total simulated
time is shown under AVGC BURST ARR/MIN. PFor sach sensor the average
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MARN LEVEL N0« OF BURSTS AVG. BURST LENGTNINING AVE BURST ARR/NIN
1) 443300 <1201

13 3.877} «1307

9 «2708 «091%

*40¢ SENSOR PALSE ALARNS ¢0ee
SENSUR ALARKE/ZNIN ¢ LEVEL 1 LEVEL 2 LEVEL 3 ALL I.g::tl

3 269 482 «032 .
2 «102 o2 «032 040
3 «201 «419 «02¢ «T03
4 O [ O O
L «233 » 490 «02¢ o767

Fig.3 — False-alarm summary statistics

number of false alarms per minute activating the sensor is shown for
each alarm level and the sum of all alarm levels. Notice the semnsor
that wss destroyed on impact does not receive any activations.

Figure 4 is an axamplea of summary statistics relating to the num-
ber and type of convoys generated during the simulation. The summary
information is presented for each direction and contains the frequency
of each convoy size generated and the total number of trucks generated
from that convoy size. Releavant totals are also shown.

s20e NUNBER OF CONOYS GENERATED soee
DIRECTION : weEST
CONVQY SIZE FREQUENCY TOTAL TAUCKS GENERATED

1 2 2

2 3 [}

3 2 [

. i 4

] 1 13

¢ 1 [

TOVALS: 10 e
OIRECTION ¢ EAST

ooy :lll FREQUENCY TOTAL TRUCKS GENERATED

4 0

2 3 [

3 0 0

4 |} 4

s 4 20

[ 2 12

TOTALS: 10 2

CRAND TOTALSS 20 n

Fig.4 — Convoy summary statistics

¥igure 5 shows summary statistics on sensor activations resulting
from vehicles. PFor each sensor, the average number of detections over
the simulation is shown wrr ¢ DETECTIONS/MINUTE; tha average number of
detections per generated convoy is shown under DETRCTIOMS/CONVOY; and
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the average number of detections over all generated trucks is shown
under DETECTIONS/TRUCK.

S04+ AVERAGE CONVDY DETECTIONS BY SENSOR ¢¢ve
“ﬂ:ﬂ OETECTIONS/NINUTE DETECTIONS/CONVOY OSVECTIONS/TRUCK

34546 3.4500 9718
2 «4663 29506 #8310
3 «4980 J.1%00 8872
4 0. 0. 0.
] «329¢ 3.3500 29437

Fig.5 — Summary of sensor activations
caused by vehicles

INTERPRETING ERROR MESSAGES

The simulation makes basic checks on the imput data for compati-
bility. If some of the input rules have been violated, error messages
of the following type appear after the erronecus data is read:

2?? ERROR IN ABOVE LINE.

The processing then halts. The user thus has the incorrect value and
an indication that it is incorrect. He should examine the data input
to see which rule was violated. Examples of violations are negative
road length, a lower alarm rate for level 3 than level 2, and the
probability of destroyirg a sensor on impact greater than 1.0.

THE OUTPUT FILE

An output file, in the proper format for use by the detection
algorithm, is produced as normal output of the simulation. It contains
all actual detections (as well as those caused by false alarms), convoy
sise, and entry/exit times of convoys into/out of the sensor string.
Ses Appendix D2 for the format of ths output file.

DITIONAL INFORMATION
Appendix B contains an example of a fully setup data deck for
exscution of a simulation on the Rand IM 360/65 computer installation.
Appandix C is a full source listing of the entire progras.




PART B: THE PATTERN DETECTION ALGORITHM




A SRR

S b R s

R b A

21~

I. _INTRODUCTION

The pattern detection alsorithn* presanted here will identify
vehicle tracks in two directions through a field of emplaced sensors.
The glgorithm is an adaptive detection mechsnism--it continually mea-
sures the performance of each sensor in the string, giving more weight
to information from reliable sensors and less to unreliable sensors.
When a sensor is deemed very unreliable by a user-inputted criterion,
it is dropped from consideration entirely.

The algorithm is designed to operate from data provided by the
simulation model described in Part A or from real-world data. The
algorithm is programmed in FORTRAN IV for the Rand IBM 360/65 instal-
lation and requires 178 k bytes of core.f

Part B of this report provides a brief description of the pro-
cessing performed by the algorithm, some limitations of the algorithm,
a detailed description of how to input data to the model, a descrip-
tion of typical algorithm output, an interpretaticn of error messages
provided by the program, and the format required for inputting actual

sensor detection data.

»
Detailed analytical deascription of the algorithm is provided

in R-1187-PR.

' § 1.Uu of this program at other installatione that do not have

f graphic capability would require removal of the graphic routines and

other minor modifications.

Proceding page Blask

S i




R R L T T T R P R T U TR N RO o R I R S AR e A

=22~

IX. PROCESSING PERFCRMEL

The algorithm begins by examining clusters of uctivations on a
sensor. If there cre at least w activations no more than B minutes
apart, the cluster 1s defined as a valid atrip and a window is opened on
the adjacent sensors (see Fig., 6, p. 25). The window length is primarily
a fynction of anticipated vehicle velocity. Thus a conjectured vehicle

“track (trajectory) is initiated. A valid strip intersecting a window
is defined as an adnigeible eirip. If a conjectured vehicle track con-
taing at least M admissible strips, the trajectory is confirmed as a
vehicle track. Each admissible strip in a confirmed vehicle tracx is
calied an ASTI (admissible strip contributing to a track identifica-
tion). The adaptive logic of the algorithm uses the information on
valid strips, admissible strips, and ASTIs for each sensor over time
periods of length B to determine the sensor's reliability. High-
reliability sensors are given more weight and low-reliability sensors
less weight in cenfirming vehicle trarks. A sensor that continues to
have low reliability is eventually eliminated from the string. Thus,
on the basis of prior information, the algorithm is capable of adapt-
ing its detection ability.

When used in conjunction with the simulation model output, the

algorithm will provide statistics on the actual number of convoys de-
tected and missed. The size of convoy, the weights of each sensor for
each update, and the number of vehicle tracks identified that were not
caused by vehicles will be determined. Graphic output also allows the
user to observe the step-by-step process of identification and the
actual time a particular track is confirmed.

The user may specify the following:*

1. The anticipated average, minimum, and maximum velocities of
convoys traversing the sensor string in either direction.
2. B, the maximum interval between activations in a valid strip.

"
See R~1187-PR for precise definition of terms end analytical
treatment of the algorithm.




w, the minimum number of activaticns in a valid strip,

M, the number of admissibie etrips required for a trajectory
confirmation.

ne length of the road segment.

The number of sensors in the string and their position along
the string.

B, the number of trajectories (track identifications) to be
confirmed before updating sensor performance information
(weights).

p, the back weight for the smoothing function.

¢, weight below whicii an inferior sensor is removed from the
string after D consecutive weight updates.

¥, a lower bound on sensor weights for confirming, vehicle
tracks. The sum of the sensor weights for those sensors con-
tributing admissible strips must be greater than W to confirm
a trajectory.

A control parameter allowing vigual graphs of sensor activity,
window activity, track-identification .imes, false alarms, and

vehicle activations.
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ITI. RESTRICTIONS AN) LIMITATIONS

As currently cwied, the following maxiiwums must be adhered to:

1. B, the number of vehicle tracks to be confirmed (maximum of
50) before updating sensor performance information (weights).

2. Maximum of 15 sensors. (Can be increased to 50 by redimen-
sioning all common arrays in the program. Sufficient infor-
mation is providad in the MAIN routine for a programmer to
make the change.)

3. Maximum of 20 trucks per comvoy.

ff; As might be expected, a large number of patterns are possible from

various combinations of valid and admissible strips. Every attempt

has been made to anticipate anomalous behavior of various trajectory

paths.

Figure 6a shows what might be regarded as the most typical be-
havior and is to be expected in the majority of vehicle tracks. A
valid strip on the first (or a subsequent) sensor opens a window on
the second sensor in which a valid strip falls, thus opening a window |
on the third sensor, and so on. Finally, the vehicle track is
confirmed.

Figure 6b presents a case in which a valid strip fails to fall
in a window. The window is just extended to the average convoy veloc-

ity defined by the user. (This illustration requires three admissible

strips to confirm a vehicle track.)

Figure 6¢c shows that a vehicle track once begun will be continued i
until the end of the string. Although this may seem unneceesary, since |
a vehicle track with only one admissible strip can never be confirmed,

it results in fas!cr computation time and causes no problems. E

Figure 6d illustrates a condition that occurs occasionally. At
the second sensor two valid strips fall in the same window, and their
windows on the subsequent sensor overlap. In this case the program

considers the extremes as one large window.
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Fig.6 — lllustration of program’s handling of anomalous behavior
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Figure 6e shows a similar condition, but the windows on the sub-
sequent sensor do not overlap. The extremes are still treated as one
large windcw-~exoept if the iower window was closed before the upper
window was opened. (Windows are scanned for possibility of closure
by any seusor activation and are closed providing the activation 1s at
o later time than the time of the upper portion of the window.) 1In
this situation two separate vehicle tracks are continued along.

Figure 6f illustrates a rare occurrence. Two separate trajec-
tories are so close that valid strips in later windows create ovar-
lapping windows on a subsequent sensor. When this occurs, one large
window is created and given the identification of the lower vehicle
track. Any previous admigsible strips of the upper vehicle track are
transferred to the lower vehicle track.
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IV. HOW TO USE THE PATTERN DETECTICN ALGORITHM

SPECIFYING THE INPUT DATA

A datum requiring a decimal point ie shown by (D); a datum re-
quiring an integer valce is shown by (I). All date entries must fall
within the column limitaticns specified. All iutegers must be right
justified. Parenthetic symbols are the internal symbole in the program.

Card 1-~Comnmente
Any comments the user dasires to make *to identify the run.

Card 2--Imput Parcmeters

Cols.

1-2 Integer 1 for identification. (1)

3-10 Westbound average convoy velocity in kilometers per (D)
hour (AVGYEL(l)).

11--20 Hestbound maximum convoy velocity in kilometers per (D)
hour (BBWND(1)).

21-30 Westbound minimum convoy velocity in kilometers per (0)
hour (UPWND(1)).

31-40 Eastbound average convoy velocity in kilometers per (D)
hour (AVGVEL(2)).

41-59 Eastbound maximum convoy velocity in kilometers per (D)
hour (BRWND(2)).

51-60 Eastbound minimum convoy velocity ia kilometers per (D)
hour (UPWND(2)).

61~-7/0 B, moximum time in minutes permitted between (D)
detections in a velid strip (BETA).

71-80 C, weight below which a sensor is considered for (D)

slimination from the string (CSERS).
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Card 8-~Input Parameters (oontinued)

Cols.
1-10

11-20
21-30

31~-40

41-50

51-60

61-70

71-78

79-80

W, a loser bound on sensor weights. The sum of

the sensor weights for those sensors contributing
aduissible strips must be greater than W to con-
firm & trajectory (WCAP).

Road segment length in meters (SEGLNT).

M, the percant of live sensoras required to contrib-
ute admiseibls strips for trajectory confirmation
(PCTSEN) .

B, the numbar of trajectories to be confirmed
(maxisum of 50) before updating weights (NB).

D, number of consecutive time periods that s sensor
weight is below C befors it is eliminated from the
s~i1ing (ND).

w, the ainimum number of detections, no more than

B minutes apart, required to define a valid strip
(IWCNT).

The nuaber of sensors (maximum of 15) in the string
(NSENSR) .

When requesting SC-4060 graphs, specify the number
of simulation minutes (multiples of ten minutes
only) to be portrayed on each graph (GRAPH).

If graphs are desired, enter 1; otherwise, 0
(KAGRAF) .

Card 4--Imput Parameters (continued)

Cols.
1-2

3-8

If graphs are desired and you wish to see truck
detections, false alarms, and windows separately
identified, enter 1. If the graph i3 to show only
all impulses with no windows, enter O (NOWIND).

p, the back weight for the smoothing function (RHO).

o)

(@)

(1)

(1)

(1)

(1)

(D)

(1)

(1)

(D)




Card §--Distance betwesn Sensors

Cols.

1-2 The integer 2 to identify the card. (1)

3-10 Distance betwean the lst sensor and the 2d in meters. (D)

1°=20 Between 2d and 3¢. ‘ ()

21-30 Between 3d and 4th. (D)

31-40 Batwean 4th and 5th. (D)

41-30 Between S5th and 6th. )

51-60 Between 6th and 7th. (D)

61-70  Between 7th and Sth. ®) ]
71-80 Between Bth and 9th. )

If there are more than 9, start over on a new cerd (Cole. 1-10,
11-20, 21-30, etc.). Caution: The sum of the distances must equal
precisely the length of the road segment.

A SAMPLE INPUT DECK .

The input deck (shown in Appendix E) is specified in such a way
that the detection algorithm will use the output information of the
simulation that was stored on tape from the example shown in Appendix B.
The following figure is an excerpt from the deck in Appendix E:

Col.2 Col .80
] ‘THIS 1S &M EXAMPLE IF THE SATTERN NDETECT. ALGOR. USING SIWOLATEN DAaTA 2/12/712
\ 1 26.0 35,0 15,0 24.0 35.0 15.0 0.40 0,05
: 0.5 1000.0 e7 5 3 3 5 60,0 1
n 1.0
? 250 .0 250.0 250.0 250.0

If the pattern detection is to be run with data other than pro-
vided by the simulation, the input tape of activations must be formstted
ar shown in Appendix D1 for actual data or in Appendix D2 for experi-
mental data.

et g A i e




INTERPRRTING THE PROGRAM OUTPUT

Figure 7 shows the first page of the output, which is a summary
of all the input data. Notice on the fifth line that at leaet 0.67
of the sensors in the string are needed to confiwm a vehicle track.
The user should be aware that the computation taking place involves
truncation of the fractional part of the number. Thus 0.67 x 5 = 3,
This is important, for if 0.66 were specified and two sensors were
dropped from the string as unreliable, then 0.66 x 3 = 1, and the
progras would halt with an error massage, since at least two sarsors
are obviously teqﬁirod to identify a track direction. The eighth line
refers to dropping hypoactive sensors, meaning any unreliable sensors,
as determined by the adaptive logic. GRAPHING CONTROL: 1 iadicates
that there will be graphs produced. A zero would indicate no graphs.
WINDOWS ON (=»1) indicates that the graphe will discriminate between
vehicle detections and false alarms, will digplay all windows, and
will display confirmed vehicle tracks. The smoothing constant is the
back weight p. The distance between sensors is shown and will always
have 0.0 for the first sensor.

so% PATTERN RECOGNI TICN FOR VEWICLE FLON PASY SENSORS eee
THIS 1S AN EXANPLE DF THE PATYEAN OEVECT. ALGOR. SING SINULATED DAYA 2/12/72
WESTBOUND © AVE. VELOCITY » 24.00 KNMR, MAXIMUM VELOCITY ¢ 35,00 (/MR MINEWUN VELNCEIYY & 15,00
CASTOOUNDs AVG. VELOCITY = 24.00 KN/, MAXINUM VELUCKTY = 35,00 X/HR MININUN VELOTIYY = 15,00 K/7HR
THERE ARE 5 SENSORS ON A ROAD SEGMENT OF 1000.00 Mo AT LEAST 8T0 ARE NEEDED YO CONFIAN TRAJECYORTES
A VALEID STRIP CONTAINS AT LEAST 3 DEVECTIONS NO MORE [MAN 0.400 WIN. APARY

§ TRAJ MUST B8 CONFIRNED BLPORE UPDATING WE IGHTS. ANV SENSOR MAVING A W7. BELOW  0.0%0
1S NYPO-ACTIVE AND KiILL BF DROPPED FROM THE STRING AFTER 3 CUOMBECUTIVE PERIOODS.

THE SUM OF WEIGHTS MUST G GREATER THAN  0.300 YO ACCEPT A TRAJECTORY CONFIRNATION.
GRAPHING CONTAOL ¢t 1 NINUTES PER GHAPH = #0.,00 WINDOWS OM (o)} o o
THE SNOOYRING CONSTANY IS = 1,0000

SENSOR OISTANCE (M.}
1 0.0
H 230. 00
3 230.00
L) 290.00
1 150000

Fig.7 — Summary of input data




Lol g

Pigures 8a and 8b show an example of output that gives all rele-
vant information on the progress of the algorithm. If input data are
from the simulation, information is shown on convoys. The SENSR column
indicgctes the sensor being described. The CLOSE~OPEN columns show the
time of the upper and lower portions of the window on the sensor. For
example, the first entry shows a windov was opened at 0.764 minutes
and closed at 1.335 minutes for sensor 4.

The column labeled DIR . showe the direction of the vehicle track.

1 is eastbound and 2 is westbound. TRAJ NO. shows the internal tra-
jectory nuzber assigned to the vahicle track. Since vehicle tracks

can be in two directions, there is always a westbouud and eastbound
vehicle track with the same number. An interested user could follow
the progress of s vehicle track using its number and dirsctions. For
examnle, trajectory 1, direction 1, opened windows on sensor 2 at 0.986
minutes, on sensor 3 at 1.525 minutes, on sensor 4 at 2.086 minutes,
and on sensor 5 at 2.711 minutes. A vehicle track was confirmed at
3.283 minutes for this trajectory, which happened to bs a convoy of
five trucks (NRCNDT(5)).

The convoy information portion of the printout (for simulation
dsta only) shows the time a convoy enters and leaves the string, and
the number of trucks in the convoy. Tha CONVOY NO. aud DIR columns
identify the particular convoy, and the TRUCKS column shows the number
of trucks in the convoy. If there is no entry ir this columm, it means
that a convoy is leaving the string. For example, the first truck of
convey 1, direction 1, entered the string at time 0.0 with five trucks,
and the last truck of the coanvoy left the string at 3.183 minutes.

The algorithm is able to tell if a particular convoy is detected
by seaeing if there is any overlap bstween the last trajectory window
and the convoy transit tims. For the exawmple we have been following,
the convoy left the string at 3.182 minutes, and the last window of
the trajectory opened at 2,711 minutes and closed at 3.283 minutes.
Thus the algorithm assumes that the confirmed vehicle track is for
that counvoy.

Figure 6b shows that, as requested, weights are updated after
svery five tralsctory confirmations. The number of valid strips and
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ASTIs on each sensor are shown, as are fhe updated w, and v,’ (resulting
from smoothing). In this psrticular example no sensors were dropped
from the string;: if any had been dropped, thsy would be ghown at this
point.

Pigure 9 is an example of summary output provided on convoy detec-
tions. This has maaning only when input data come from the simulation
model or experimental data in the format shown in Appendix D2, For each
convoy size the number of convoys generated and detected are shown. We
see that of the 20 generated convoys 17 were detected by the algorithm,
There ware 18 confirmed trajectories. Thus one was a phantom, most
likely resulting from a combination of truck detections and false alarms.

-
L

PHANTOM TRAJ = 1 TOTAL CGAFIRNED »

Fig.9 — Summary of convoy detections

A summary of unsmoothed sensor weights at each time period is shown
in Fig. 10. The mean and standard deviations of the weights are shown
for aach sensor. A similar summary will follow this one for smoothed
3 weights containing similar informatiom.

Figure 11 is an exawple of the optional graphic output of activa-
tions on sach sensor with no discrimination as to type of activation
(false alarm or vehicle), and without windows. We have found this out-
put usaful in that it is similsr to what a human observer would see.

@68 CONVOY DEVECTION SUMNARY *&e
CONVOY 3118 NO. GENERATRD NO. DETECTED
; 1 2 1
4 2 [ 4
- 3 2 2
L) 2 2
: ] ] s
9 [ 3 3
k. 7 [} [
k- [ 0 °
- ? ] 9
10 [} (]
T 1 (] ]
¥ 0 0
3 13 [ ] [}
14 [} ]
i 18 ] ]
- 16 ] ]
N 17 [} 0
' 18 [} [}
- 1e [} ]
4 20 0 0
k- TOTALS t 20 17
A
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oo SENSOR WEIGHTS BY TIHE PERIOD owe

TINE PERIOD SENSOR
|} 2 3 L s

1 04200 04200 Q0290 0.2¢0 0.200

2 0.250 0.250 Q.2%0 0.0 9.2%0

3 0.278 0.278 0J.167 0.0 9.278

NEAN 3 0.2626 0.2424 0.20386 0.0467 0.2¢2¢
STD DEV 3 040394 0,0394 0.0419 0.1155 0.039
(THESE WE IGHTS ARE NOT SNOOTHED)

Fig.10 — Summary of sensor weights

A comparison may thus be made between the accuracy of humans and that
of the algorithm in detecting vehicle tracks.

Figure 12 is an example of the same graphic output as is shown
in Fig. 11 but with discrimination of activations, windows, convoy
midpoint passage, and trajectory confirmation shown. The + sign repre-
sents activation caused by vehicles, and the °* symbol those activations
caused by false alarms. The + sigas to the right or left of the sen-
sor represent passage of the first and last truck of the convoy past
the sensor midpoint. The :: symbole represent windows for conjectured
vehicle tracks moving to the left, and the C symbols, windows of con-
jectured vehicle tracks moving to the right. The + symbol represents
vehicle track confirmation.

INTERPRETING ERROR MESSAGES
Correct the input card for the following errors:

Error
5 ID on card 2 is not 1 in Col. 2.
10 Average velocity of westbound convoys is less than or equal
0 (cc” 3-10, card 2).
15 Average velocity of eastbound convoys is less than or equal
0 (cc 31-40, card 2).
20 Maximum velocity of westbound convoys is lese than or equal
0 (cc 11-20, card 2).
25 Maximum velocity of eastbound convoys is less than or equal

0 (cc 41-50, card 2).

| 3
cc meaus card columm.
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Fig.11 — S-C 4080 graphic output (no windows shown)
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Error
30 Minimum velocity of westbound convoys is less than or equil
0 (cc 21-30, card 2).
35 Minimum velocity of eastbound convoys is lesa than or equal O.
40 B is lese than or equal 0 (cc 61-70, card 2).
45 C is less than or equal 0 (cc 71-80, card 2).
50 W is less than or equal C (cc 1-10, card 3).
55 Road segment is less than or equal 0 (cc 11~20, card 3).
60 M results in less than 2 sensors (cc 21-30, card 3).
65 B is less than or equal O (cc 31-40, card 3).
K D is less than or equal 0 (cc 51-60, card 3).
72 The number of sensors in the string 1s greatar than the
maximum permissible (cc 61-70, card 3).
75 w 18 less than or equal 0 (cc 51-60, card 3).
3 80 The sum of the distances between sensors does not exactly
E sum to the road segment length (card 5). :
: 117 The user has asked for more minutes of simulated time than g
a graph can display. Reduce the number in cc 71-78, card 3.
{(Must be a multiple of 10.)

The following errors sre catastrophic, and processing halts unless
otherwise stated. Many call for diagnosis by the maintenance programaer.
We have never experienced these types, but they were included because 1if

any were to be encountered, the results would be catastrophic.

Error "
200 A value in the IDROP array has gone negative. The value,
the sensor number, and gimulated time the errcr was detected
are shown. The maintenance programmer must diagnose.
210 Same as 230 but in the CHKWIN routine.
220 Same as 260 but in the CHKWIN routine.
230 A value in the IDROP array has gone negative; it is detected

in the CHKOVL routine. The sensor number and value are shcwn.

The majinteuance progremmer must diagnose.

e




Exrer

240 The direction constant K is improper; it is detected in the
CHKOVL routine. The value is shown. The maintenance program-
mer must diagnose. ,

280 A value of the NOPENT array has Leen detected as negative in
the CHKOVL routine. The trajectory number, direction nuvmber,
and value are shown. The maintenance programmer must diagnose.

270 A value of the NASTC array has been detected as negative in
the CHKOVL routine. The values of N:J, K, 12, and NASTC are
showu. The maintenance programmer must diagnose.

300 The number of trucks in a convoy has beeu read in as a nega-
tive value from the external deviie (tape or disk). Thus
the input data are faulty. The negative value convoy number
and time of activation are shown. This error occurred in the
READ routine.

410 A value in . IDROP array has gone negative, as detected in
the TRAJCM routine. The value, the sensor number, and KL are

shown. The maintenance programrer must diagrose.

500 Same as error 260 but in the CHKADM routine.
510 Same as error 410 but in the CHKADM rcutine.
520 The number of cells available in the window array plus the

next gvallable storage cell less ome 1is greater than the
cell number of the first open window. °The values of the
firat open window cell number, the next available storage
cell, and I and K &re shown. The error cccurred in the
CHKOVL routine. The maintenance programmer must diagnose.
530 A value in the NAVLID array has gone negative in the CHKOVL
routine. Thu value and I, J, and K are shown. The main-

tenance programmer must diagnos=.

The following message can also occur:

THERE ARE LESS THAN 'x' SENSORS IN THE STRING. THERE ARE 'y'.
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m. mr measage is followed by a list of all senasre dropped from
the string (ouuﬂd by 1). Tha nusbar of live sensors has gone below
that ‘asiond for in oc 21-30, card 3.

m-dil Bi shows the format of input data Lo “he algorithm that
coms frou sources other thau the s'‘mulation modol. Appendix E shows
a fully setup data deck for axscuting the algorithm on the Rand IBM
360/65 imstallation from a data tape resulting from the aismlation
model of Appendix B. Appendix ¥ contains the full source listing of
the pattern dctqg;ion slgoritim.




‘The following is a list of randcm number sseds for use in exacuting

the simnlstion wmodel:

@)
(2)
3)
()]
(5)
)
7
(8)
(9)
ao

2116429
8108509
4776245
1797929
4810853
6837431
9643937
1517245
1217421
6184335

B D Tt



3

The foilowing is & fully setup deck to run the gsimulation model
on the Rand IBM 360/65 computer installation. The output data will
be saved on tape number 002325 for later use by tha pattern detection
algorithnm.

17CA300803  J0B  I5T77241000,120), *ANTHONY P, CIERVO® 4CLASS=A
//60 EXEC PGMmCAVSTH,RER]NN=]110K
//7STEPLIA 0D DSN=2R452,.LTRI.DISPsSHR
2/G0.S1MU02 NN SYSAUT&R,NCHe{RECFMaFB LRECL=R0,ALKSIZE=BOOBUFNU=R] )
/760, STMU03 DD SYSNUTwADCAR{RECFMaFBALRECL=]133,MLKSIZE]1330,BUFNNEL)
/760.81M105 DH  DONAMEuSYSIN
/760 SIMINR DN UNITaTAPE,NSMaR4S62,VOL=SER=002325,
1/ DCBs{RECFMuYM BLKSIZEw2404LRECLE24),
// DISP=(NEWKEEP)
7/60,STMULT DD DISP=SHR ¢ NSMxSYS1,STM2PERR
7/GN,SYSIN DO *
THIS 1S AN EXAMPLE OF THE SIMULAYION MNDEL 2 DEC 1972
1 20 1000.0 1000.0 5 S0 250.0 0.2 20,0 0.15 40.0 1000.0 A108509
0.0 1.0 0
Gel 1 0e3 2 Qe 3 0.6 4 0,9 8 1.0 6 =»
0.1 24.0 20,0 35,0 15,0 WESY
0.06 26.0 20,0 35,0 15.% EAST

De5 1.5 5,0 0.5 0,2 3.0 0,5 0.01 0,05
/%
7/
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Appendix C

THE SOURCE LISYING OF THE SIMULATION MODEL

mn
PRFAMBIF
LAST COLUMN XS 72
NORMALLY MONE 1S INTEGER

THE SYSTEM HAS A TRUNKS RAMDIAM STEP VARIARLE IN ARRAY )

PRER

1Y, M. NERMAN A/12/71
ve PREB

0 SI12E CNVYS PREB

THE SYSTEM HAS A& FT.RUCKS [N ARRAY 1 *' PHONEY TO PRINT TRUCKS PREB
NORMALLY MONE IS REAL

NEFINF GAMMAJ,F, RETAJL.F &S REAL FUNCTIONS PRESB

PERMANENT EMTITIES PREB

EVERY ALRM LEVEL MAS A LAMDA ! AVG. TIME HYWEEN FALSE ALARMS (MIN) PRES

AND A UM s UPPER ROUND OUNH UNIFORM DIST OF PREB

¢ RURST LENGTH (MIN) PRES

AND A LH 19 LOWER RNUND OF BURST (MIN) PRER

AND AN DEF,PNT 10 POINT TO THE ALARM OFF EVENT UOF PREB

v THE ALARM LEVEL PREB

AND A RATE ' AVG., TIME BETWEEN OCCURANCES NF PRES

vo THIS LEVEL PRED

AND AN ONJALARM,TIME '* TIME TURNED ON PREB

AND AN NN.COUNTER ‘v NBR, OF TIMES OUW _ PREB

AND A VOTAL.ONJTIME "' TOTAL TIME LEVEL IS ON PREB

AND A TIMF . RETWFEW *1 TIME BTWN LEADING EDGES  PREB

DEFINE OFF.PNT AS AN INTEGER VARIABLE PRER

. DEFIME ONLCOUNTER AS AN INTEGER VARTARLE PREB.

EVFRY SENSDR HAS AN 0N, TIME ¢ TIME [TS REANDY FOR A TRANSMISSION  PREB

AND A DELTAS 0 DISTANCE BETWEEN INTEGRATION INCR, PREB

AND A RASF ' DESTANCE TN TRAVERSE SENSOR PRES

AND 8 COFFF v YIELDS INCR. AREA WHEN MULTIPLIFD  PREB

v BY TRUCK POSITION PREB

AND A KILL.SIG %! SIGNALS IF SENSOR WAS DESTROYFD ON PREB

o0 [MPACT 1 . DEAD 0 - LIVE PREB

AND A PRINT.POSITION ¢!

FOR. THE PRINT MAP OF DETECTIUNSPRESB

AND A LEVELL.COUNT CICOUNTS LEVEL 1 ALARMS PREB

AND A LEVELZ2.CNUNT PICOUNTS LEVEL 2 ALARMS PRED

AND A LEVEL3,.CNUNT TICNINTS LEVEL 3 ALARMS PREB

AND A DETECT.TAUCK YCMINTS TRUCK DETECTIONS PREB
DEFINE PRINT,POSITINN AND KILL.SIG AS INTEGER VARJABLES PRER
DEFINE LEVELL.CUNT , LFVEL2.COUNY , LEVEL3I.COUNT AS PREB
INTEGER VARIARLES PRER

EVERY RNUTE.NIRECTION HAS
AND

AND

AND

AND

AND

NEFINE DIR,SYMANL

TEMPRARY ENTITIES

EVERY FAKF HAS A §,TRUCKS

NEFINE S.TRUCKS AS AN INTEGER VARIAWLE
EVERY CONVIIY HAS A NRR ()F,TRICKS

AND A SPACTMG
AND A VELOCITY
AND A SENSR NKHAR
AND A INC.IND
AND CNV.LAIGTH

A
AND A DIRACT

AN

NP> D>

A

N

NN

UPPERBND ' ON VELOCITY BTWN SENSORS PRESR
LOWERLRND t* ON VELOCITY BTWN SENSORS PRES
K) 'Y PARAMETER OF A O ~ 1 BETA CISY FPREB
K2 '' PARAMETER OF # 0 - 1 HETA DIST PREB
DIR,SYMANL ¢ ALPHA IDENT OF DIRECYIONPRESH
CMNV L RATE "0 MEAN TIME BETWEEN CNVYS PREB

AN ALPHA VARJABRLE PREB
PRED

WORN 3 ' ALLOWS ACCESS TO TRUCKS ARRAYPRER
PREB

PRER

1INIST, BETWEEN TRIUCKS (M,) PREB

e CURRENT SPEFN(m/MIN) PRER

10 SENSAR THE LFAD TRUCK IS IN PREH

' POINTS TO NFXT.SENSOR EVENT PREH

v FOR THIS CONVOY PRER

v CURRENT LENGTH NF THE CNNVDOY PRER
e IN WHICH CONVOY IS HEANED PREA

10
12

14
16

30

&0

50

60

70

A0

90
100
110
120
122
123
124
125
130
132
140
150
160
170
180
190
200
210
211
212
213
217
220
224
225
230
240
2%0
260
270
280
290
300
306
305
30
320
330
440
350
Ini
370
3K0




e
+23

by
'8 1 -~ MEST 4 2 - EAST PRER
AND A NBR,.CONV 4 CONVOY NUMRER (COUNT) PRER
DEFINE NAR,OF ,TRUCKS ¢ SENSR,NBRy INC.IND, NBR.COMV, PRER
OIRECTION AS INTEGER VARIAHLES PREB
EVENT NOTICES INCLUDE FALSE.ALARM, LARM.NEF, PRNT.MAP PREY
EVERY ALARM RATE.ON SICHANGES TMHE FALSE ALARM LEVEL PRES
HMAS AN AL.TYPE ¢ TYPE OF ALARM LEVEL PRER
84 ‘] =~ AMHIENT, 2 = MEDIUM PRER
" 3 = HIGKR PRER
DEFINE AL.TYPE AS AN INTEGER VARIABLE PRER
EVERY MID,PRINT.PASS **t MARKS PASSAGE OF 1ST AND LAST TRUCK PRER
9 THROUGH THE CENTER OF SENSOR PREB
HAS A CNV.NUMBER **CONVOY HASSING THE wIDPOINT PRER
AND A SN.NO 0 TME SENSOR REING EFFECTED PREB
AND A MARK $v 1.~ 1ST TRUCK 2.~ LASY PRER
NEFINE CNV.NIUMMER AND SW.NO AS INTEGER VARIABLES PRER
EVERY INCREMENT CHECK *+ TESTS FOR OETECTION OF CHONVOY PRES
HAS A SENS.MHR V0 SENSOR DF TEST PRER
AND A CNVY.NBR  '* CUNVOY BEING TESTED PRER

AND A DIST.TRAV *% CURRENT DISTANCE INTI) SENSORPRER
Y* OF FIRST TRUCK OF COnNvVOY PRER

NEFINE SENS.NBR AND CNVY.NBR AS INTEGER VARIAWLES PRER

EVERY SCHEDNEXT,CONVOY ¥ CREATES AND ISSUES ANOTHER CONVOY PRED
HAS A CMV ,DIRECTINN ¢ DIRECTION TO HE TRAVERSENFREH

AND A PRIER,CONVDY ¢ CONVOY [N FRONY PREH

DEFINE CNV,DIRECTION AND PRIERL.CONVOY AS IMTEGER VARIARLES PRER

EVERY NEXT,SENSOR "0 STARTS A CONVUY THRY THE NEXT SENSOR PREH
HAS A CNV,NHR 0 CONVOY HEING CONSINFRED PRER

AND A VELGC ‘¢ SPEEN FOR THE SENSOR PRER

AND A NXT.,SENSR ¢ THE SENSOR PRENW

AND A PRIDR.CONV ¢ THE CONVOY AHEAD NF THIS ONEPRER
AND A BACK.PIINT #¢ THE CONVOY HEHIND, O-~1F NONEVRER
DEFINE CNV,.NRR, NXT,.SENSR. , PRIOR,CONV ANV BACK,POINT PREN

AS INTEGER VARTAHBLES PRER

EVERY DESTROY, CNHNVNY 'y AFTER CONVOY LEAVES STRING DESTY 1T PREY
HAS A NEST.CNV ' THE CONVOY NUMBER PREB

DEFINE DEST.CNV AS AN INTEGER VARIABLE PREB

PREHN

GLOBAL VARIARLES PRER
PRERA

DEFINE SPACE.FACTNR, 'YMETERS PER SPEEN (M) PREA
LAMBDA, STCURRENT AVG TIME BTWEEN FALSE ALARMS (MIN) PRER
NEAD.TIME, 19 TIME SENSUR 1S OFF AFTERQ AM XMISSIUN (MIN) PRER
MAX,TIME, *0 SEMULATION ENDS.AFTER A CONVOY 1S THRY RRER

tv SENSOR FIELD AND TIME,V > MAX,TIME (MIN) PRE®

ROADLLNGTH, t0 LENGTH OF SENSOR FIELDIM) PRESB

NNMINSL RASE, ** RASE OF TRIANGLE FOR PERFECTYLY AIMED SENSOR PRER
DIST.BYWM.SENSOR  *¢ DISTANCE RETWEEN SENSOR CENTERS PREH

AS VARJAMLES PREN

PEFINE I, Jy K, te CPMINTERS PRERA
FINLONY , ' KUHBRER OF CNYPLETED CONVOYS PRER

PRINT MAP, *t SIGNALS CHART PHRHINTING O - NO » 1 - YES PREH

NRLIF qCNV, ¢ ? 'NUNQER NFE GCONVNYS GENERATEN PRER
MAXNRR.CONVS, 0 STMULATIIN STOPS AFTER THIS MANY CONVOYS PREH

' HAVE PASSFD THRU THE FIELD PREN

ERana YEOERRNR COUNTER FOR INPIT DATA PRENW

MAG, SFNS YOIND FNR KMAG SENSNHRS O -~ ND 1 ~ YES PREH

NISK Y EXTERNAL DATA SET FUR WRITING DETFCYIONN PRER
+JSAVF Y HOLDS LARGEST CONVOY ST2E PRED

+CINST . CNY YO OIF 1. CWVYS CREATED AT A CNNSTANT RATE PREN

AS INTEGER VARIAALES PRER

DEFINE CNVLCNTR AS AN TMTEGER, 1~DIMENSIONAL ARRAY PRER
NDEEINE CONVY,SIZE AS AN INTFGER, 2-DIMENSIONAL ARRAY PRES

END PREA

390
392
©00
«10

" 420

430
440
*50
4h0
470
©80
490
S00
510
514
820
530
540
550
560
570
580
590
800
610
620
630
H6 0
650
660
670
675
680
690
100
710
720
730
740
750
T60
770
780
790
800

A20
A30
A40D
as0
856
KOO
K70
RR0
[ TT,)
00
4n2
902
904
06
%10
912
914
920
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ROUTINE BETAJF(KL,K?y, STREAM)

[ 4]

b 5~

_ . M, HEREAN 8/2/7)
't READ INFORMATION ON SENSORS, SELECT SENSOR GEOMETRY

- LEY O13K. = & 00 SETS EXTERNAL DATA SET NBR.

. GALL RO,SENSDR . INFO ,
YU READ INFIRMATI(R GN CONVOYS -AND SCHEDULE A CONVOY IN 80TH
') DIKECTIONS ‘ '
"

. CALL AD.CONVOY. INFO

v READ lﬂfﬂ!ﬂk?lﬂN ON FALSE ALARMS AND SCHEDULE ONE DF SACH TYPE

X
. CALL RD.FALSE.ALARM, INFO
(]

:: INITIALIZE THE PRINTING UF THE LENSOR MAP
IF PRINT.MAP IS NE O, CALL PRINT REGARDLESS
L
LET BETWEEN.V = 'TRACE®
START SIMULATION

Enp

0 M, BERMAN 8/5/71

SETHIS ROUTINE CALLS GAMMAJY,F, JOMNKS METHMOD.
"

SUAR
(Y

"
‘s
(]

NEFINE K1, X2, AND X AS REAL VARIARLES

DEFINE STREAM AS AN INTEGER VARJABLE

IF K1d=0, LET ERQAF = )47 ELSE

IF K2<=0, LET ERR.E = J4R ELSE

LET X = GAMMAY,F(1.0, K1, STREANK)

RETURM WITH X/(X + GAMMAJ.F(1.0y K2, STREAM))

END

MITINE TO CANCEL.FALSE.ALARM ' M BERMAN 8/5/T71

THE FALSE ALARM RATE HAS CHANGEN, CANCEL THE CURRENT FALSE ALARM
AND RESCHEOULE IT USING THE- NEW RATE,

CANCEL TME FALSFE.ALARM
LET TIME = EXPOWENTIAL F(LUMEDAL2) Y1 TIME TILL NEXT ALARM

RESCMENULE THE FALSELALARM AT TIME.V + TIME
RETIMN
(L 0]

MAIN
MAIN
BAIN

CTYEDR

MAIN
NAIN
MAIN
MA LN
MAIN
MAIN
MAIN
MA TN
MAIN
MALN
MA LN
MAEN
MA LN
MAIN
MAIN
MALIN
MAIN

CAFA
CAFA
CAFA
CaFaA
CAFA
CaFL
CAFA
CAFA
CAFA

10
20
24
30
60
50
60
70
a0
90
100
110
120
130
140
150
160
164
170
180
190

10
20
30
40
50
60
70
80
90

CAFA 100



[ESTRRRLL SRRt o TR PR

-~46-

ROUTINE GARHAYLFIMEANK,STREAM)

CALCIIATIIIN NF GAMMA DISTRIBUTEND VARIATES BY JOHNK'!S KETHOD.
IITHES ALGHRITHM MUST RE USED FOR 0CKCL INSTEAD NF GAMMA,F, AND SHOULD
CIBE USEDN FOR NON-INTEGRAL VALUES OF K<S5, ALTHOUGH [T 15 2.5 T 3
PITIMES SLIWER THAN GAMMAF, FOR FIRTHER DISCUSSIOR §EE MGENERATING
VIGAMMA DISTRIARUTEN VARIATES FOR CNMPUTER SIMULATION MODELSY,
I, B, HERMANLTHE RAND CNRPNRATINMN, R-641-PR, FERRUARY 1971,
DEFINE MEAN KKKy ToZrA9BeNeEoXyo¥Yy AND H AS REAL VARTABLES

NEFINE STREAM AS AN INTEGER VARIAHLE

IF MEANC=0O, LET FRR.F=14% ELSE

IF X<=0), LET ENRF=l4t ELSE

LET 20

LEY KKsTRUNC.F(K)

LET Nui=KK

IF KK=0, D TO BETA FLSE

LEY €=}

FOR fol T KKe LET E=E=RANNDOM . FISTREAW)

LET 2wl NG ELFIE)

IF De0, FRETURN WITH Z*(MEAN/K) ELSE

SRETA®

LET Aw)/D LET B=1/(]1-D)

INEXT ¢

LET XmRANDOM.F(STREANM)®x4

LET YoRANDDY  F{STREAM ) B%ReX

IF v<=1, 0 OUY ELSE GO TO NEXT’

T

LET wmx/v

LET VYot NG ELFIRANDOIM F(STREAM))

RETURN WITH (ZeWeyY)®{MEAN/K)

END

ROUTINE TN PRINY Y M,BERMAN Aa712/71
X
' THIS ROUTIME PERMITS PRINTING OF & CONTINUOUS GRAPH DF FALSE
99 ALARMS AT INTERVALS EQUAL TO THE SENSOR DEAD YIME,
X
START NEW PAGE

ARINT 1 DOURLE LINE THUS
TIME(¥iN) SENSOR NUMBER

FOR 1 = 1 Ti NJSENSOR, WRITE I AS (20} 8B (13 + 110/

PRNT
PRNT
PRNT
PRNT
PRANT
PRNY
PRNT
PRNT
PRNT
PRNT
PRNTY

(1 + N.SENSOR) & [)s] 2PRNT

PRINT 1 ONUALE LINE THUS

PRNT

0 eD00 (444343454440 43 4440344443000 4 0334434042 44040324 2444+ 4 444444444 PRNT

R L S T T o O R R S TS |
SCHENULE A PRNT . MAP AT DEAD,TIME
WRITE DEADJTIME AS /, N (8y3)e S 1o "|¥, B 120, "|*
LET LINES.V = 999999
RETURN
END

PRNT
RANT
PRNT
PRNT
PRNT
PRNT

160
170
172
180
190
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ROUTINE TO R0O.CONVOY, INFO 'Y M, BERMAN #/4/71 RACN 10
. ‘ ROCN 20
't THIS QOUTINE READS THE CONVOY DISTRIBUTION OF TRUCKS . THE VELOC, RDCN 30
TERETWEEN CONVNYS BIST, PANAMETERS AND SCHEDULES AN EAST AND WEST ROCN &0

CICONVIY TO INITIALIZE THE SIMULATION ROCN 50
" ROCN &0
DEFINE CNV AS AN INTEGER VARIARLE ROCK 62
, CREATE A FaAXE ROCN 66
I SKIP 2 LINES ROCN 70
. PRINT 1 LINE THUS ROCN 80
i ++4 CONVOY INFORMATION ++¢ ROCN 90
READ SPACE *SSPACING MULTIPLE®', CONST.CNV *' CONSTANT RATE FLAG 2DCN 100
LEY SPACELFACTIR = SPACE * 0.06 ROCN 103
PRINT 2 LINES WITH SPACE THUS ROCN 110
‘ RDCN 120
r OISTANCE HETWEEN TRUCKS IN A CONVOY IS =% w588 M, FOR EACH KM /HR o ROCN 120
ksl IF SPACE.FACTNOR 1S LE 0.0 + AND 1 TO ERROR RNCN t40
5 PRINT 1 LINE THUS RDCN 150
- 77?7 EAROR IN AROVE LINE ROCN 160
R €1, SE ROCN 170
3 IF CUNST.CNV = 1 RDSN 172
- PRINT 2 LINES THUS ROSN 174

: INNDTET ALL CONVOYS CREATED AT CONSTANT RATE THIS RUN.) “
o ELSE ROSN 178
£ SKIP 1 Carn ROCN 180
- READ TRAUCKS 0 READS PAIRS OF VALUES FOR STEP BUNCTION, FIRST ROCN 190
R 'Y CUMULATIVE PRNB & THEN VALUE. * AFTER LAST PAIR  RDCN 200
; PRINT 2 LINES THUS RDCN 210
DISTRIRUTION OF TRUCKS IN A CONVOY ROCN 220
TRUCKS CUMULATIVE PRNA RDCN 230
LET I = FT.RUCKS . RDCN 240
'PRT¢ PRINT 1 LINE WITH IVALUE.A(]1) AND PROR.ALI) THUS RDCN 250
[ 1% LS 1 1] ROCN 251
LET JSAVE » TVALUE.ALL) 'Y SAVE SIZE DF LARGEST CONVOY RNCN 251
LEY | = S, TRUCKS(1) RDCN 282
IF 1 = 0, 6N OUT ELSE GO PRT *¢ PRINT VALUES RDCN 254
+ , RDCN 270
't READ THE CONVOY RATE AND VELNCIY DISTRIBUTINN FNR EACH DIRECTION. ROCN 280
't CAMPUTE K1 £ K2 FUR TWE RETA VELOCITY DIST, RDCN 290
UTY SKIP 2 LINES RNCN 300
RESERVE CONVY STZE(#,%) AS 2 BY JSAVE '¢ DIMENSION STATISTICS ancN 30}
CREATE FVEQY RNUTE.DIRFCYINNL2) RDCN 302
FOR [ = 1 T0 2 '' 1 1S WEST ADUND, 2 IS EAST BOUND ROCH 310
on RDCN 320
READ RAYE.CNV, MEAN + MODE s UPPER + LOWER ¢+ RDCN 330
DIR SYMRAL (T ) ROCN 340
LET MFEANL,VFL » MEAN % 16,6667 RNCN 342
LEY MONEVFL w MODF & 16,667 RIICN 346
LET LIWERLAND(I) = LONER ¢ 1A.6647 ROCN 346
LFT UPPEQANN(() = UPPER @ 16.6667 ROCN 36K
LET CNVLRATE(L) = |.O/RATE,CNV 1ITIME HETWEEN CONVOYS ROCN 350

IF MEAN.VEL EO MANELVEL '? THIS IS A SPECIAL CASE ANCN 360 !

LET K11} s 2.0 RDCN 370
LEY K2(1) & 2.0 ANCN 3ANHO

GO ROAUND RNCN 390
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NTHERWISE RDCN 00
LET RilI) = (MEAN,VEL = LOWER,BND{J)) S(LOWER,BMDLI) + RNCN 410
UPPERLANN(T) = 2.0 % MNDE.VEL)/LIUPPERLANDIT) - ROCN 420 \
LUMER JHNDIT)) #(MEAN.VEL ~ MONELVFL)) RDCN 430 !
LET K2(1) = KL(I) » (UPPER.AND(I) ~ MEAN,VEL)/(MEAN.VEL - ROCN 440 1
LOWER BNO( 1)) RDCN 450 |
LET KLCE) = XKL(1) + ) RNCN @52 !
LET X2(1) = K211) + 1 RDCN 6454 ;
IROUNDS PRINT & LINES WITH DIR.SYHMROLII), RATE.CNV. CNV.RATE(T), RDCN 460 {
ME AN + MODF v LOWER s UPPER e KL{I)y  RDCN 470 i
K2(1) THUS RDCN 4RO i
THE sess DIRECTION HWAS A CONVOY RATE OF ¢s#, %s% PER MIN, WHICH IS ONERDCN 490 i
CONVNY EVERY wawuk mks MIN, THE AVG VELNCITY 15 *&#sx,x KM/HR, ROCN 500 i
THE MINE VELNCITY 1§ suss, dx Ku/HR, THE SLOWEST |S smas &¢& KM/HRL,RDCN 510 [
AMO THE FASTEST 1S #sss xs KM/HR,. K1 |S ®& des AND K2 ]S #* nus ROCN 520 |
SKIP 2 LINES RDCN 530
IF RATE.CNV IS LE O MR MEAN.VEL IS LE 0.0 OR MONE.VEL IS LE 0.0 ROCN 540
R UPPER.ANN(T) IS LE 0.0 OR LOWERLBNNII) IS GE UPPER.ENNDII) RDCN 550 }
ADD 1 T ERROR RDCN 560 i
PRINT 1 LINF THUS RNCN 570 }
279 ERRNY IM AMOVE & LINES ROCN 580 :
GO TO NXT RDCN 590 :
ELSE ' SCHNIILE THE FIRST CONVOY ROCN 600 :
CREATE A CNAAVOY CALLFD CNV RDCN 610
ADD 1 TO NRLF CNV ROCN 611 !
ARD 1 TO CNVL.CNTR(I) ROCN 612 ;
LEY NHRR,COANV(CMY) » CNV.CNTRIUT) ROCN 614
CREATE A MEXT.SENSOR CALLEN IMC.IND(CNV) RDCN 620
LET MHMR OF . TRICKSICNV) = TRUCKS ROCN 630
ADN 1 T COMVYLSIZEII, NHR,OFTRUCKSICNV)) ** COLLECT STATISTIC  ROCN 634
1 LET X = RETAJ.FIKL(1), K2(1)y 7) *? BEYA VARIATE RNOCN 640
3 LET VELNCCINC.TIND(CNVE) = X ® (UPPERJBND(I) - LOWER.BND(I)) +«  ROCN 650
'. LOWER.BND(]) ROCiN &61)
E LET CNV.NRRUINCLINNICNV)) = CNV RDCN 670
IF T =1 LEY J = | GD PAST DTHERWISE LET Js N.SENSOR RDCN &R0
PASTY LEY NXT.SENSR(INC.INN(CNV)) = J RDCN 690
LET DIRECTION(GNY) = ] RDCN 700
SCHEDMILE THE NEXT,SENSOR CALLED INCJINDICNV) AT 0.0 ROCN 710
WRITE 0.0 NARFLTRUCKSICNV )y 1o Ty CNVL,CNTR{ 1) AS HINARY KDCN 714
USING DISK ROCN 714
INXTYLONP RDCN 720
RETIRN RDCN 7130

END RNCN T40
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QOVTIME TN RNDLFALSELALARM,INED 'Y M, HERMAN  H/4/7)
v
te THIS ROUTIME REANS EACH NF THE THREE FALSE ALARM LEVELS AND
s SCHENULE THE HIGH AND MEDIUM LEVFLS FNR INITIALIZATION,
(N .

LET N ALRMLEVEL = 3
CREATE EVEQY ALRM,LEVEL

PRINT 2 LINES THUS
+++ FALSE ALARM INFORMATION +++ ‘
ALARM LEVEL ALARMS/MIN MIN RURST (MIN) MAX BURST (MIN) ARR/MIN
READ LAM ¢ AMRIENT RATE
LEY LAM = | AM * N,SENSDR
PRINT 1 LINE WITH LAM THUS
1 (LI e L)
LET LAMDA(L) = 1,D/LAM % YIME BTWEEN ALARM AT TH]S LEVEL
LET LAMHDA = (AMDA(L} ** START AT AMBIENT
LET ON ALARM,TIMEILl) = 0,0
SCHEMILE A FALSE.ALARM AT 0.0
FOR 1 = 2 TO 3
nn

RDF A
ROFA
RNFA
ARDFA
ROFA
RNDFA
RDFA
RNEA
ROFA
RDFA
RDFA
ROFA
RDFA
RDFA

ROFA"

RDFA
ROFA
RDFA
RNFA
ROFA

READ LAM, UB(1)s LAIT)y GAM ** GAM IS THE RATE OF ARRIV FOR LVLROFA

LET LAM = LAM ® N,SENSOR
PRINT | LINE WITH 1, LAM, LBI{I1)y UB({]1)s GAM THUS
L 2 SRS oY L L E PR T L BhR, WER RRER KhE
LET LAMDA(T) = 1,0/LAM
LET RATE(I) = 1,0/GAK ' TIME BETWEEN OCCURANCES NF LEVEL
IF LAMDA(T) GE LAMDA{]l) NR GAM IS LE 0.0 OR LB(I) LE 0,0 OR
UARLT) LT LACT) OR  LAMDA(L) LT 0.0 4 ADD 1 TO %RROR
PRINT )1 LIVE THUS
7?? FRADR IN ARNVE LINE
FLSE "¢ SCHENULE AN ALARM OF EACH TYPE
SCHEMILE AN ALARM,RATE.ON AT .01 = |
LET AL.TYPF(ALARM RATELON) = 1}
CREATF A LARMNFF CALLED OFF.PNTI(])
Loop
RETURN
END

ROFA
RDFA
ROFA
ROFA
RNFA
RDFA
&kDFA
RNFA
ROFA
RFA
ROFA
ROFA
ROFA
RDFA
ROFA
ROFA

10

20

30

&)

50

60

10

AN

90
100
110
112
120
130
140
142
144
146
150
160
170
172
140
190
200
210
220
230
240
250
260
2R0
290
302
310
320
330

i
b
i
i
i
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ROVTINE TO RNGSENSIR L INFO tt M, BRFRMAN 8/3/71 R4 2N
LA RSN
0 THES RONTINE REANS THE RNAN LENGTH, NUMKER (F SENSORS. NUMBER OF RDSN
CHINCREMENTS UNDER BACH TRIANGLE, NOMINAL HASE. AND OTHER INFORMATIONRDSN
VIPERTAINING TO SEMSORS. THE ACTUAL BASE AN HEIGHT OF EACH SENSOR ROSN

$OTRIANGLE 1S SELFCTED, RSN
" RDSN
START NFEW PAGE ROSN
PRINT 1| DOURLE LINE THUS RUSN
+++4+ SIMULATION OF TRUCK CONVOYS MOVING IN TWO t:IRDSN
RECTINNS THRU A JENSNR FIELDN ++++4 RDSN
NDEFINE GCOMMENT AS A 1=-DiMENS[ONAL ALPHA VARIABLE '1 ALLOWS “THE ROSN
RESERVE COMMENT (%) AS 20 Y OSER ONE CARDRDSN
FOR ¥ = 1 TO 20 o READ COMMENT(1) AS A & ¢ ENR CUMMENTS RDSN
SKIP 1 LINE RDSN
FIR I = 1 TD 20, WRITE COMMENT(I) A% A & RDSN
SKIP 1 LINE RNSN
RELEASE CNAMMENT (%) RDSN
RFSERVE CNV,CNTR{=*) AS 2 RDSN
L RNSN
*¢ REAN PRINT CNNTROL. NUMBER OF CNNVOYS TO BE GENERATEND AND TIME TO RNSN
OV HALT SINULATION RSN
READ PRINT.MAP, MAX,NRR.CONVS, MAX,TIME '* PRINT,MAP > 0O, PRINTS ROSN
PRINT 1 DMIBLE LIME WITHH MAX.TIMEs MAX,NBR,CONVS THUS RDSN
SIMULATIUN HALTS IF TIME EXCEEDS »xwkx,xmk MIN, OR CONVOYS GENERATED EXRDSN
CRENS manxx ROSN
1F (MAXNRRCONVS 1S LE 0) DR (MAX,TIME IS LF 0.N)y ADD 1 TN ERRDRRDSN
PRINT 1 LINE THUS RDSN
?7? ERRANR IN ABOVE L INE RDSN
ELSE RDSN
LA ROS
READ ROADLNGTH, N,SENSIIR 4 NHRGINCREMENTS, NOMINAL BASE. RDSN
PRIIR.DEAD, STDL.DEV +DEADL.TIME, AREA,.C2+ SEED.V(R) ROSN
+ RAN,LNBRR RDSN
IF NARLINCREMENTS = )] "¢ THE SENSNRS ARE MAGNETIC RDSN
LET MAG.SENS = 1 RNSN
LET NOMINALLJBASE = ,01 RSN
GN TH MAG RNSN
ELSE ' NNOT MAGNETIC SENSORS RNSN
LET MAGLSENS = O RNDSN
tMAGY SKIP 1 LINF ROSN
PRINT 1 LINE THUS RNDSN
+++ SEMNSNR PARAMETERS +++ RNSN
SKIP 1 LINE RNSN
IF MAG.SFNS NE (i "' MAGNETIC SENSOR STRING RDSN
PRINT | LINE THUS RDSHN

THIS RUN IS FOR A MAGNFTIC SENSNR STRING DNLY +4+4++44444444
SKIP 1 LINE ANSN
ELSF RSN
PRINT 2 LINES MITh ROANLLNGTH, N,SENSODR o NOMINAL.BASE THUS ROSN
ROUTE SFOGMENT [S  wxbds un M, WITH s3& EOUALLY SPACFED SENSNRS, RIISN
EACH WITH NOMINAL RASF (F #@xk bt M, RNDSN
IF MAG,SENS NF 0 '' MaGWETIC SEMSNR STRING RiISH
PRINT 1 LINF WITH ARFA YHUS RNSN
NETECTINN PROBABILITY NF EACH MAGNETIC SENSNR IS &, & RNSM

GO TN ONE RSN

020
030
040
050
060

0RO
090
106
110
120
130
140
150
150
162
170
174
180
190
200
210
220
230
2640
250
260
270
280
290
300
310
312
322
324
326
326
327
329
330
340
350
360
362
364

EY.Y
3A%
370
340
390
3R0
ELV.
IRG
IR



EATTEAV R A g

-51-~

ELSFE
IF 28M,NRR = 1,0 vv ALL ENUAL RASES
. PRINT 1 LINE WITH ARFA THIS
ALL TRIANGLES HAVE A HFIGHT (F stk saan M,
6N T SIX
FLSE
LET Cl = AREA v CNEFF. FOR HEIGHT
PRINT 1 LINE WITH Cl. €2 THUS
THE COREFR, FOR COMPUTING HE[GHT ARE (Cl) wks&smts, {C2) sxmnmnn, xn
PSIXY PRYMT } . [ME WITH NRR.INMCREMENTS THUS
EVERY SKFMSOR TRIANGLE MAS mwan [NCREMENTS.
'ANE' IF RNADLLMGTH LE O N NLSFNSOR LE 0 NR NOMINAL.BASE LE 0 OR
AREA LE N (IR NBRJIIJCREMENTS LE Oy ADC 1 TOQ ERROR
PRINT 1 LIME THUS
?7?? ERRIWM IN ABOVE 3 LINES
FLSF
PRINT 3 LIMES “ITH PROR.DEAD, STD.DEV v DEAD.TIME,SEENDLV(R)
THUIS
THE PROB, THF SENSMR IS NEADN 0N IMPACT IS #.%xs, STANDARD DEVIATION
Fanu THE anan IS s=w,%, THE NEAN TIME OF A SENSOR AFTER ACTIVATION
IS ®,%%% MIN, THE QANDOM SEED FOR SELECTING TRIANGLES 1S xemkknk,
TF (PRNBL,NEAD 1T O DR PROB.NEAD GT 1:0) OR STH.NFV LT 0.0
0OR DEAD.TIME LT 0.0y ADD I Ti} ERROR
PRINT 1 ILINE THIS
????7 ERROR IN AROVE 3 LINES
FI_SF
I# RAN,NRR = 1.0
LET HELGHT = AREA ' ARFA IS HEIGHT FNOR CONSTANMT HASES

. LFET BASEX = NOMINAL ,RASE
3 PRINT 2 LINES THUS
: INOTE & ALL SEMSIIRS HAVE EOUAL RASES THIS RUN.)
] FILSF
i ‘e SET NISTANCE RETWEEN SENSNRS
'RAC

LET DIST.ATYN,SENSOR = ROAGCLLNGTH/ (NLSENSNDR —~ 1)
SKIP 2 LINES
PRINT 2 LINES THUS

+++ SENSOR ATTRIRUTES +++

CREATE EACHM SFEMS(IR
FOR EACH SENSN
nn
IF RANDOMJF(R) 1S LE PROKRJHDEAD ' SENSOR DEAD ON IMPACT
LET RASFISFNSIIR)Y = 0,0
LET KILLLSIR(SENSHR) = | '* O SIGNALS SENSOR DEAD
G PRNT
ELSF  $TNDT KILLED On [wpPACT
TF MAG.SENS NE 0 *0 MAGNETIC SENSHR STRING
GO MAGS
ELSk *UOCHRCK FNR ENHAL BASES
IF RAM,NAR = 1,0 'YYOALL ECHIAL HASFS
6N IO TWR
ELSF *' COMPUTE STANDARND TRIAMGLES
LFT DNIIRMAL = NNRMAT oF (0.0 STN.NFV. R)
TF BAS,F (DNORMAL) GT MIMIMALLRASE/2,.0 '' FAR FROM ROAD
K LET BASE(SFMSOR) = o) ' ZERI MEANS NO TRICK DETECTINN
LET ARFA = 0,0

RSN
RNSKN
RSN

RNSN
ROSN
RDSN
RDSN

RDSM
ROSM
ROSN
RDSN
RDSN
ROSN
KNSN
ROSN
HDSN
ROSN
ROSN
RSN
K{OSN
RUSN
RDOSN
RNSM
RDSN
RDSN
RSN
RDSN
RDSN

ROSN
RDSN
ROSN
RNSN
RDSN
RDEN

SENSIR RASE(M,) SLOPE X DELTAS DELTAS(M,) ARFA DNEAD(=]1)RNDSN

RDSN
RDSNW
RSN
KDSN
RDSN
RSN
RNSN
RDSN
“NSN
ROSN
RNSN
ROSK
KNSN
ROSH
wnsN
RIJEN
RSN
RIV§H

ERLL]
N9
390

330
390
240
29}

392
3c4
400
&0
%20
430
440

4 60)

470
4R0
%90
500
510
520
930
540
550
552
595z
553
554

586
540
570
572
£74
576
574
5R0
590
600
610
620
h22
630
660
ha2
b4l
bbb
6£5()
AR
A3
690
nn
710
71«

o

g

3
M
B
B
4
3
%
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G} PRNT ]RNSN 720
ELSE Y COMPUTE RASE RDSN 730
LET RASEX = 2,0 % ({ NOMIMAL JRASE/2.0) »2 2 RDSN 740
- DNORMAL &% 2 ) *«x .5 ROSN 742
IF RASEX LT 1,0 ** METER, (FOR RUUNDING PHRPNSES )% RDSN 750
GO BACK ROSN 760 .
ELSE 'O COMPUTE HEIGHT aND AREA ROSN 770 «
LET MEIGHT = C1 /Z(DNARMAL #x 2 + C2) RDSN 740
"TWOY LEY AREA =RASFX % HEIGHT/2 ROSN 790
LFT BASEF(SEMSNR) = 3ASEX ROSN 800
LET DELTAS({SENSDR) = HASEX/NBR, INCREMENTS RDSN R10
LET (NEFF(SENSOR) = 4,0 » AREA * DELTAS(SENSOR)/ RUSN K20
RASEX % 2 ROSN R3O0
Gi) PRNT RDSN R40
IMAGS? LET AASE(SENSOR) = 1.0 RDSN P64
LEBT DELTAS{SENSOR) = L0 RSN 865
LET CUEFF(SENS(R) = AREA ROSN Bh6
1PRNT! LET PRINT.PNSITION{SEMSOR) = 13 + (LLO/(N.SENSOR + L) * RDSN 730
SENSOR) RDSN 740
PRINT 1 LINE WITH SENSOR, HASE(SENSOR)s COEFF{SENSOR), ROSN 750
NELTAS{SENSOR) ¢AREALKILL.SIG{SENSNR) THUS RNEN 760
E 2 .1 4 P2 2 1 e L4 e g Wk K, WEK Bk Rk xx
Lonp ’ RDSN TAC
RETURN RDSN 790

END ROSN ROO




ROVTINE FOR SUMMARY e M, RERMAN R/12/T71
ML RELAVENT STATISTILS ARE PRINTVED HERE AND THE SIMULATION HALTS
NEFINE TOT.TRUCK, TOTLTRKy GRAND.TNT AS INTEGER VARIABLES.
FOR K= 1 TD 3 "0 FINISH FALSE ALARM STYATISTICS
IF LAMRA EOQ LAMDALK) '
60 QUT
ELSE

OyTe

E e

LET ONLCOUNTER(K) = ONCOUMYERIK) + 1
LET TOTALLONGTIME(K) = TUTALJONGTIME(K) -+ TIME,.V
= ONJALARM.TIME(K)

0 SUMMARY 0OF THME SYSTEM FALSE ALARM RATES

START NEW PAGE
PRINT 2 LINES THUS
4444+ SYSTFM FALSE ALARMS +++4

ALARM LFVEL NN, NF BURSTS AVG. BURST LENGTHIMIN) AVG BURST ARR/MIN

FMR 1 = 1 YO 3
Do
LEY BURST = TOTAL-INJTIME(I)/ON.COUNTER(T)
LET TME.BTWN = TIME.BETWEEN(1)/ON,COUNTER(T)

FRINT 1 LINE WITH [y ONGCOUNTRR(])y BURST,1.0/TME HTWN TS

L2 2 o asakok LI L e 2 .12 kx| ko

Lnne

*' SENSNR FALSF ALARM RATES

SKIP 2 LINES
LET TOTaL = 0.0
PRINT 2 LINES THUS
++4+ SENSDR FALSE ALARMS +++4

SENSIR ALARMS/MIN @ LEVEL 1| LEVFL 2 LEVEL 3 ALL LEVELS

FNR EACH SENSOR
DN
LET 70T o(LEVELL1.COUNT(SENSOR) + LEVEL2.CNUNT{SENSOR)
+ LEVEL3,COUNT{SENSOR))/TIME,V
PRINT 1 LINF W]TH SENSOR, LEVELL.COUNT{SENSOR)/TIME.V
LEVFL2,COUNTISENSOR)/TIMELVy LEVELI.COUNT(SENSOR)/TIME.V,

. TOT THYS
e BERH Rl BREK AEE KRR, KA KRG R
Lae
o e
. P¢OCONVNY STATISTICS

STARY NEW PAGF
PRINT 1 ILLINE THUS
4444 NIIMRER OF CUNVIYS GENFRATED 4444
LET GRAND.TNT = 0
FiR ) = 1 TO 2
nm
LET TOTLTRK « O
PRINT 2 LINFS WITH DIRLSYMANL{S) THUS

e L e T

SuMy
SUMY
SuUMY
SumMy
SUMyY
Sumy
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SuMY
SUMY
SuMy
SUMY
SUMY
SUMY
SUMY
SHMY
SUMY
SUMyY
SUMY
Sumy
SUMY
SUMY
SuUmMy
SUMY
SUMY
SUMY
SuHy
SUMY
SUMY
SUMY
SUMY
SuUmMy
SUmMyY
SUMY
Stiky
Stmy
SUMY
SUmMY
SuUMY
SUMY
SUMY
SUMY
SiIMY
SUMY
Stry
SiMy
SUMY
Stmy
SUMY
SHIMY
SUMY

170
190
2006
210
220
230
240
250
260
270
2K0
290
300
310
320
330
36()
350
340
370
A0
340
“np
410
420
430
440
450
LAH(O
4170
LRO

. s

L 2 T A
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DIRECTION : »ask
CUNVOY SIZF  ERBOURNCY TOTAL TRUCKS GENERATED
FOR § = 1 TO JSAVE
00
LET YOT.TRUCK = CONVY,SIZElJ1) * 1
LEYV TOTLTRK = TOTLTRK + TOT,TRUCK
LET GRAND.TAT = GRANDL.TAT + TOT,TRUCK

PRINT 1 LINE WITH I, CONVY,.SIZE(JoI)s TOTL.TRUCK THUS
sa% R aERBHME
LOop
PRINT 1 LINE WITH CNV,.CNTR{J)y TOTLTRK THUS

TOTALS: P e T T ]

SKIP 2 LINES

LOOP

PRINT 1 LINE WITH CNV.CNTR{1) + CNV.,CNTR(2), GRAND,TOT THUS
GRAND TOTALS: Rk P Y 1

e
1y CONVOY DETECTIONS PER SENSOR
L3}
START NEW PAGE
PRINT 2 LINES THUS
++4+4+ AVERAGE CONVOY DETECTINUNS BY SENSOR ++++
SENSNR DNETECTIONS/MINUTE DETECTIONS/CONVIY  DETECTIONS/TRUCK
FNR EACH SENSOR
Ho
LET NDETEC.MIN = DFETECT.TRUCK{SENSNR)/TIME.V
LET DETEC.CNV = NETECT.TRUCK(SENSOR)/FIM,CNV
LET NETEM TRK = DETECT. TRUCKISENSOR)/GRAND.TO)
PRINT 1 LINE WITH SENSOR, DETEC.MIN, DETEC.CNV, NETEN,TRK THUS
fkx ki WA P2 12 e 11 2] LI e 1Y
L0OoP
STOP
END

R R e

SUMY
SumMy
SuMy
SumMy
Sumy
SuMy
Sumy
SUMY
sSumy
SuMy
Sumy
Symy
SUMY
SUMY
sumy
SUMY
SUMY
Sumy
sSuny
SuilyY
SUMY
SUMY
SUMY
SUMY
Sumy
SUMY
stumy
SUMY
Sumy
Sumy
SuUmyY
SuUky
SUMY

490
500
510
520
530
540
550
560
570
580
590
600
610
620
€30
640
650
660
610
680
690
T00
710
i2n
130
T40
150
760
7170
780
790
KR0O0
a10

ERRIR T T




EVENT ALARM,RATE,NN SAVING THE EVENT NOTLCE '* M, BERMAN 8/5/71 ALRT
L ALRT
vt THIS EVENT SETS THE NEW ALARM LEVEL + SCHEDULES THE NEXT CNE AND ALRT
SESCHFNULES THE OFF TIME NE. TMF NEW LEVEL W ALRY
L ALRT

NDEFINE TYPE AS AN INTEGER VARIARLE ALRT

LET TYPE = AL TYPFIALARMRATELON) ' TYPE (OF THIS ALARM ALRY

LFEY TIME = FXPONENTIAL,,FI(QATE(TYPE)s 2) **TIME NF NEXT ALARM ALRT
SCHENULE THE ALARMJRATE.NN AT TIME.V + TIME ALRT

LET TIME = UNIFORM.FILR(TYPE)y UB(TYPE)s 2} ' DURATINN OF THIS ALRY

' LEVEL ALRT

v0 IF TME CURRENT ALARM LEVEL IS AMHIENT SET THE NEW ALARM LEVEL. ALRT

Ve SCHFOMILE AN NFF TIME, CANCEL THE CURRENT FALSE ALARM ALRT
" ALRT

IF LAMARDA IS EOUAL TO LAMDA(L) ALRT
LEY LAMRNA = LAMDA(TYPE) ' SET NEW LEVEL ALRT

LEY YIME.RETWEENITYPE) = TIME,PETWEEN(TYPE) + TIME,V ALRT

- ON ALARM,TIME(TYPE) ALRT

LET ONJALARM TIME(TYPE) = TIME.V ALRT
LET TOTALLONLTIME(L) = TOTAL.ON.TIME(Ll) + TIME,V ALRT

- (INJALARM TIME(]) ALRY

LEV OM.COUNTER(L) = ONLCOUNTER(1) + 1 ALRTY
CALL CANCEL.FALSE.ALARM *0 CANCEL THME FALSE ALARM OF TwHE ALRT

'Y OLL LEVEL ALRT

8 SCHD? SCHENULE THE LARM.OFF CALLED OFFE.PNT(TYPE) AT ALRY
FIME,Y + TIHE ALRT

RFTURN ALRT
OTHERWISE ** SEE WHICH TYPE IS ON. ALRT

" ALRT
’e 1F THIS TYPE IS ALREADY NN CHECK ITS NFF TIME, IF CURRENT (FF ALRT
POTIMF §S LESS CANCFL IT AND RESCHED AT THE LATER TIME. [F GREATER ALRY
PEEGNORE SCHENULING A NEW OFF TIME. ALRT
ve ALRT

1F LAMRDA IS FOUAL T0 LAMDA(TYPE} ' SAME TYPE IS ON ALRT
IF TIME.V + TIME IS ILE TIMELA(QFF.PNY(TYPE)) ALRY
RETURN ALRT

NTHFRWISE ¢ EXTEND THE DURATION NF LAMBDA ALRT
CANCFL THE LARM,OFF CALLED CFF.PNT(TYPE) ALRT
CAUSE THE LARMJNFF CALLED OFF.PNTITYPE) AT TIME.V + TIME ALRT
RETUNRN ALRT
OTHERWISE §0 SEE IF [TS THE MEDIUM DR HIGH RATE THATS ON ALRT

v IF THIS IS THE MENIUM LE/EL AND THE SIGH RATE IS NONe AMD THE ALRT

s SCHEDULED ALARM NFF TIMF |$ GREATER THAN THAT ALREADY SCHEDULED ALRT

Y9 EOR THE MHIGH RATE, SCHFED AN  ALARM OFF OTHERWISE RETURN ALRT

e ALRT

1 TYPE IS EOUAL TD 2 v THEM THF HIGM RATE IS ON ALRT
IF TIME.V ¢ TIME IS LE TIMELA(NFF,PNT(3)) ALRT
RETIRN ALRT
OTHERWISE ¢ SCHEDULE AN OFF TIME o EXTEND NFF TIMF OR JGNNORALRT
IF NDFFLPNT(2) 1S In THE EV.S 'Y AN OFF OF THE MEDTUM TYPE  ALRT

vt IS ALKEANY SCHEDULED ALRT

IF TIME,V & TIME IS LE TINMELAINFF,PNT(2Y) ALRT
RETURN ¢¢ 7 NEEN NNT HE £XTENDED ALRT
OTHERWISH ¢ FXTEND IT ALRY
CANCEL THE LAKMJNFF CALLED OFF.PNT(2) ALRT
HESCHEOULE THE  LARM NFE CALLEND UFRF.BNTI2) ALRY

10
20
30
40
50
60
70
80

100
110
120
130
140
150
160
161
162
164
166
167
169
170
180
190
200
210
220
239
240
250
260
270
280
290
300
310
320
330
340
350
360
370
3R0
390
&00
410
420
&30
“o(
450
4k
470
4RO
)
$00

.




AT TiME,V 4+ TIME
RETURN
NTHERWISE ** ND OFF OF THE MENIUM TYPE [S SCHEDULED
GO SCHD
OTHERWISE ¢! THE MEDIUM RATE IS OUN. CHANGE TO THE MIGH RATE. IF
$3 THE HIGH RATE WILL 60 OFF AFTER THE MEDIUM RATE.
0¢ CANCEL THE MEDIM RATE ALARM OFF EVENT. ALWAYS
0 SCHENDULE AN ALARM OFF FNR THE HIGH RATE
LET LAMROA = LAMDA{3)
LET TUTALLONGTIME(2) & TOTAL.ON,TIMELZ2) ¢ TIME.V
- ONJALARM,TIME(2)
LET ONLCUUMTER(Z) = ONCOUNTER(2) + 1
LET TIME.RETWEEN(3) = TIMELRETWEEN(3]} + TIHE.V
= ON ALARM,TIME(3)
LET ONLALARMITIME(Y) = TIME,V
CALL CANCEL.FALSELALARM vt AND RESCHNULE 1T AT THE NEW RATE
IF YIMELY + TIME [S LT TIMELA(UFF.PNT(2) )
GO SCHD **' SCHENULE AN OFF FOKk THE HIGH RATE

ELSE

CANGCEL THE LARM,OFF CALLED OFF.PNT(2)
60 SCHO

END

EVFNT NESTROY.CONVOY SAVING THE EVENT NNTICE *'m, RERMAN A/12/71

THIS EVENT DESTRINYS THE CONVIY AND ASSOCIATEN NEXT 3ENSDR EVENT
NOTJICE. SIMULATION WILL END IF  TIME OR NUMHER NF CONVOYS HAS
REEN EXCFFNED

DEFINE CNV, BCX,.CNV AS INTEGER VARTIARLES

LET FINM,CNV = FIN,CMV + 1  *' COUNTS COMPLRTED CONYOYS

LET CNV « DEST.CMVINESTROY.CONVNY)

LET BCK.CMV = RACK.PNINT(INC.INNICNV)) 't CONVOY REHIND THIS 1}
IF RCK.CNV NE O

LET PRIMRLCONVIINC.INDIRCK,CNV)) = O *% INDICATES NO MNRE CMV
ELSF

WRITE TIME.Vy 0O, 2, DIRECTINNICNV ), NBR.CONVICNV) AS HINARY USING

n1sSK
DESTRNY THE NEXT.SEMSOR CALLED INC.IND{CNV)
DESTROY THE CONVOY CALLED CNV
IF (FINLCNV RE MAX.NHE ,CONVS) DR ((TIME,V GE MAX,TIME)
AND (FIN.CNV EQ NR.DF.CNV))

WRITE TIME.V ¢ 2.41s 3s 0. O AS RINARY USING OISK ' FALSE ALARM
Y70 CLUSE ANY REMAINING WINNOWS

WRITE TIME,V + 4,013 0, 0 1S HBINARY USING DISK

MRITE TIME.V, O+ 9, O, O AS RINARY USING DISK
CALL StmMaRry

ELSE

RETURN

END

ALRY
ALRT
ALRT
ALRT
ALRT
ALRY
ALRT
ALRT
ALRTY
ALRT
ALRT
ALRY
ALRY
ALRY
ALRT
ALRY
ALRT
ALRY
ALRT
ALRY
ALRT
ALRT

DECN
DECN
'DECN
DECH
DECN
DECN
NDECN
DECN
NECN
DECK
DECN
DECN
DECN
DECN
DECN
NDECN
NECN
DECN
DECN
DECN
DECN
DECN
DECN
DECN
DECN
NECN
DECN
DECN
DECN

510
520
530
540
550
560
570
580
590
592
593
594
595
596
594
$00
610
620
630
540
850
660

190
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EVFNT FALSE.ALARY SAVING THE EVINT NOTICE
(1]

08 YHIS EVENY WILL COUSE A FALSE ALARM ON A SENSOR IF THE SENSOR IS
'Y N, 1T PRINT £ WRITES THE TIME OF ACTIVATION, IT RESCHEMMILES THE
*% NEXT FALSE ALARM,
[ X}
LET 1 = RANDOM,F(2) * N,SENSOR 4+ o5 ¢ SENSOR NUMBER
H 4 KILLJSIGII) IS GT O ¢ THE SENSOR WAS DESTROYED ON ImpACY
<0 SCMD
kL SE
IF ONLTIMF(I?} IS LT TIME.V ¢¢ THE SENSOR 1S NN
IF CAMRDA IS E0 LaMDA(L)
LETY OUTF(PRINT . PNSITION(E)) » wiw
ADD 1 TO LEVELL.COUNT(])
G0 WRTE
ELSE
IF LAMBDA 1S FQ LAMNA(2)
LET DUT.F(PRINT,POSITION(T)) = wu2n
ADD 1 TO LEVELZ.COUNT(])
GO WRTE
ELSE
LET OQUT,FIFRINTPOSITION(I)) = waw
ADD 1 TO LEVELILCOUNT(T)
TWRTE! WRITE TIME.V, 1+3,0,0 AS BINARY USING DJISK
LET ONLTIME(T) s TIME.V + DEAD.TIME
REGARDLESS :
SSCHNY LET TIME n EXPONENTIALLFILAMANA, 3) *¢ TIME TILL NEXT ALARM
SCHEDULE THE FALSELALARM AT TIME.V ¢ TIME
RETIRN
Enn

FAAL
FAAL
FAAL
FAAL
FAAL
FAAL
FAAL
FAAL
FAAL
FAAL
FaAL
FAAL
FRAL
FaML
FAAL
FAAL
FaAL
FAAL
FAAL
FaaL
FAAL
FAAL
FAAL
FAAL
FAAL
FAAL
FAAL
FAAL
FAAL
FAAL

10

20

10

4“0

50

60

T0

30

90
100
101
102
104
106
105
106
108
110
111
112
114
120
122
130
140
150
160
170
180
190
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BVENT INCREMFNT .CHECK SAVING THE EVENT NNOTICE "M, BERMAN H/11/71 INCK 10
ve } INCK 20
¢80 THIS EVENT CHECKS FOR A CONVOY DETECTION iN A SENSDRS SPHERE (OF INCK 30
¢ INFLUENCE. THF NEXT INCREMENT CHECK IS SCHEDULED AT NELTAT. IF INCK 40
*Y THERE IS A NETECTION ITS RECHRNEN, NI} INCREMENT CHECK WILL BE INCK 50
0 SCHEDULED IF THE LAST TRUCK NF THE CONVOY WILL HE OUT OF THE INCK 60
1 SENSOIRS SPHERE NF INFLUEMNZE, INCK 70
L INCK 8”0

DEFINE CNv, SENS AS INTEGER VARIJAHBLES INCK 90
" INCK 100
" ORTAIN ATTRIBUTES OF THE EVENT . INCK 110
L s INCK 120
LET SENS = SENS.NBR(INCREMENT ,CHECK) 't SENSGR NAR INCK 130
LET CNV = CNVYNRR({INCREMENT,CHECK) ' CONVOY NHR INCK 140
LET PLIST = NIST.TRAV(INCREMENT ,CHECK) *¢ PNSITION OF 1ST YRUCK INCK 150
" INCK 152
IF MAG.SFNS NE O ' THE SENSOR IS MAGNETIC INCK 153
CALL MAG.DETECTINNS ( SENS, CNVy PLST) INCK 156
RETURN INCK 158
ELSE INCK 159
LET BASE.NIST = BASE(SENS) v+ RASE LENGTH OF SENSOR INCK 159
' INCK 160
IF ONLTIME(SENS) IS LE TIME,v 9t SENSOR CAN TRANSMIT INCK 170
" INCK 180
¢ CALCULATE THE PRNBABILITY OF NNT DETECTING EACH TRUCX IN THE INCK 190
0 SENSNRS SPHERE NF INELUENCE INCK 200
L INCK 210
LET PRIIAR = 1,0 St INTALIZE PRNBABILITY INCK 220
LET HALF.RASE = RASE.NIST/2.0 't 1/2 THE HASE INCK 240
LET SPAC.NIST = SPACINGICNV) ' SPACE HETWEEN TRUCKS INCK 250
LET COFF = CUFFF (SENMS) 't YIELD INCREMENT AREA FROM DIST INCK 260
FOR I = 0 TN NRRLUF,TRUCKSICNV) = 1 INCK 270
no INCK 2R0
LET TRUCK.POSITION »PLST =~ [ * SPAC.DIST INCK 290
IF TRUCK.POSITION US$S LE 0.0 '*' IS TRUCK IN BASE INCK 300
G0 our INCK 310
ELSE ** SEE [F ITS REYOND RASE INCK 320
IF  TRUCK.PNSITION IS GE SASE.DIST INCK 330
GO TO NEXT '*TRUCK IN CONVOY ) INCK 340
ELSE *' TRUCK IS WITHIN HASE INCK 350
IF TRUCK.POSITION IS OT HALF.BASE 'I0N DECREASING SIDE INCK 360
LET TRUCK.FOSIVION = AASELNIST = TRUCK.POSITION INCK 370
ELSF *% [TS ON THEE INCREASING SIDE INCK 3RQ
LET PROB = PRUM % (1,0 = CNEF * TRUCK.POSITINN) INCK 390
INEXTS {ODP INCK 400
YT v SEE [F DETECTINN IS MANE INCK 410
" INCK 420
IF PROR IS LT RANDIMLFI3) ¢0 A DETECTION [S MADE INCK 430
LET "INJTIME(SENS) w TIME,V + NEAN_TIME 11 SENSOR IS NOW NFF INCK 440
LET DUT FIPRINT.POSITION(SENS)) = DIRSYMROLINDIRECTIONICNV) I INCK 450
WRITF TIMEVySENSoh o DIRECTINNICNY I «NBR,COPIVICNV) AS BINARY  INCK 460
USING NISK INCK 462
AN 1 TO DBETECT TIUCKE SENS) INCK 465
LEY TIME » ON,TIMF{SENS) ' TIME OF NEXT CHECK INCK 470
GN CHECK INCK &R0
FLSE 00 CONVIY NOT OFTECTEN INCK 690

l

]

1

!
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LET TIME = DELTASISENS)/VELDCITY(CNV) ¢ DELTAT NEXT CHECK
+ TIME.V
X )
s SEE IF THIS IS THE LAST SENSOR IN THE STRING
[N ]
TCHECK?
IF ISENS = N.SENSOR AND DIRECTION(CNV) = 1) DR (SENS = 1 AND
NIRECTION(CNV) =2)
GN TN LAST 99 THE CONVOY SPEED WILL NOT CHANGE
ELSE *¢ CHECK TO SEE IF VELOCITY WILL CHANGE BEFNRE THE NEXT
*¢ [NCREMENT CHECK
IF TIME.ALINC.INDICNV)) IS LT TIME ¢¢ VELOCITY WILL CHANGE
LET PIST = (TIME = TIME.A(LINC.INDICNV)})
*  VELOCUINC.INDICNV)) + (TIME,AUINC.IND(CNV) )=
TIME.V) ® VELOCITY(CNV).+ P1ST 0 1ST TRUCK
LET PLAST = PIST = (NAR.OF,TRUCKS(CNY)~ 1) * SPACE.FACTOR
*  VELOC{INC.INDICNV)) *eLAST TRUCK

60 TN CHK
FILSE

'LASTOLEY PIST =(TIME =~ TIME.V) * VELOCITYICNV) + PIST
LET PLAST = P1ST = CNV.LENGTH(CNV)
"

$9  NOW CHECK TO SEE IF CONVNY WILL HE IN SENSOR SPHERE OF INFLUENCE
SCHK ¢
IF PLAST IS GE AASE.DIST ** LAST TRUCK WILL BE NUTSIDE SENSDR
LET TIME.SPL = TIME ~ (PLAST - RASE.NIST)/VELOCITYICNV)
WRITE TIME.SPLSFENS +Ry DIRECTIONI(CNV)e NRR,CUNVICNV)
AS BINARY USING DISK
DESTROY THE INCREMENT,CHECK
RETURN
ELSE *' IT WILL 8E IN THE SENSOR AREA OF INFLUENCE
e

SCHEGULE THE INCREWENT ,CMECK AT TIME
LET DIST.TRAVIINCREMENT.CHECK) = P1ST
RETURN

ELSE ''SENSOR IS UFF

LET TIME = ON,TIME(SENS)

60 TO CHFCK

END

INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK
INCK

500
505
S10
520
530
%30
540
550
560
570
580
590
600
610
620
630
640
6450
660
670
680
690
700
710
720
722
724
726
730
760
750
Te 0
770
780
790
1§14
810
az20
830




RUMTINE FOR MAGLNETECTIONS | SENSs CNVs NUMJTRUK ) 't M, RERMAN 12/7/71M4GD

TRES RIUTINE PROCESS MAGNETIC SENSOR DETECTIONS, THESE SENSORS
ACT AS TRIPKIRES ANIY DETECT MITH PROBARILITY P (CUEFFISENSORY,

BEFINE SENS, CNV AS INTEGER VARIARLFS

IF (DN TIMFISERS) LR TIMELY) t¢ SENSOAR CAN TRANSMITY
AND (COEFF{SENS) GE RANDOM.F(3)) ' TRUCK WILL RE DETECTED
LET ON,TIME{SENS) = YINE.V ¢ NEAD.TIME ¢ SENSOR OFF
LET DUT.F(PRINTPOSITIONISENSE) =
DIRLSYMANL EDIRECTIONICNY) )
NRITE TIME.V, SENS, 6, DIRECTION(CNV), NHR.CONVICNV)
AS RINARY USING DISK

ADD 1 TD DETECT.TRUCKISENS)

ELSE YIND NETYECTION 1S MADE

1F NUM,TRUK EO 1,0t THIS IS THE LAST TRUCK IN THE CONVOY.

LEY TIMER = TIME,V + BASE(SENS)/VELOCITYIGNV)

WRITE TIMER , SENS, Ay NDIRECTIONICNV), NBR.CONVICAV)
AS RINARY USING DISK
DESTROY THE INCREMENT.CHECK
RETURN
OTHERWISE *'SCHENINE THE NEXT TRUCK DETECTION
SCHENULE THE INCREMENT .CHMECK AT TIME.V +
SPACING(CNV)I/VELUCITY(CNV)

LET NIST.TRAVIINCREMENTCHECK) 3 NUM TRIK =1,0 $INEXT
RETURN 't TRUCK
END

MAGD
MAGD
MAGD
“1aAGD
MaGh
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD
MAGD

90
100
110
120
130

140
164
150
160
176
176
1R0
190
200
210
220
230
240
250
260




EVENT LARMOFF SAVENG THE EVENTY NOTICE 'Y M, HERMAN R/S5/71
v

*9 THIS EVENT TURNS Aw ALARM OF THE MEDIUM AND HIGH LEVELS OFF. IF &
00 MENIUM DFF 1S SCHEDULED THAT WILL RE THE NEW LEVEL OTHERWISE THE
4 RATE WILL DROP TN AMRIENT

x

IF LAMBDA EO LAMDA(2) *% WHICH ALARM LEVEL IS OUN 7

LET I = 2 'Y LEVEL 2
60 coLcr

ELSE
LET 1 = 3 ®* LEVEL 3

'COLCT?® LEY TOTALANLTIME(]) =

'ALOF 10
ALOF 20
ALOF 20
ALOF &0
ALDE 50
ALOF 4O
ALDF 61
ALOF 62
ALOF 63
ALOF 66
ALOF &5
ALOF &6

TOTALONGJTIME(L) + TIME.V = ONLALARM.TIME(I) ** COLLECT STATALNDF 67

LET ONJCOUNTER(I) = ON.COUNTER(I). + |
IF EV.S{ T.LARM,OFF) IS EvPTY ' NO DOTHER ALARM LEVEL IS ON
LET LAMANA = LAMDA(L} Yt RETURN TO AMBIENT LEVEL

ALOF &8
ALOF 70
ALOF 30

LET TIMEL.RETWEEN(L1) = TIME.HETWEEN(1)+ TIME,V = ON,ALARM,TIME(1)ALOF 83

LET ONJALARML.TIMF(l) = TIME,V

CALL CANCEL.FALSF.ALARM '* RESCHEDULE FALSE ALARM FOR NEW
RETURN 't OLEVEL

ELSE TISOME RATE [S ON

IF CFF.PNT(2) 1S IN THE EV,S 0 ITS THE MEDIUM RATE

LET LAMADA = LAMDAL2)

ALOFE K6
ALOF 90
ALOF 100
ALOF 110
ALOF 120
ALOF 130

LET TIME.RETWEEN(Z) = TIME.RETWEEN(2)+ TIME.V = ON.ALARM.TIME(Z)ALNF 122

LET ON.ALARM.TIME(2) = TIME,V
CALL CANCFEL.FALSE.A' ARM
RETUQN

OTHERWISE ''ITS THE MIGH RATE
LEY LAMADA = LAMDA(3)

ALOF 136
ALOF 160
ALOF 150
ALOF 160
ALOF 170

LET TIME.BETWEEN(3) = TIME.BETWEEN(3)+ TIME.V ~ ONJALARM.TIME(3)ALOF 172

LET ON.ALARM.TIME(3) = Y[ME,V
CALL CANCEL.FALSE.ALARM
RETURN

END

ALOF 176
ALOF 1%0
ALOF 190
ALOF 200
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EVENT MIN,PNINT.PESS SAVING THE EVENT NOTICE ' M, RERMAN A/12/71 MIDP 10

(] MIBP 20
VITHES EVENT MAARKS THE TIME NF PASSAGE OF THE FIRST AND LAST TRUCK MIDP 3D
VSOF THE CONVOY THRMIGH THE MID POINT OF THE SENS(IR, MIDP 40
LX) Mminp 50
DEFINE CNV, SENS AS INTEGER VARIABLES MIOP 60

e MIDP 70
LET CNV & CNV,NUMBER(MIDPOINT.PASS) MIDP 80
LET SENSs SN NO(MID,POTMT, PASS) MI1DP 90
LET IND3 = MARK(MID,IMOINT.PASS) MIDP 92

v MIDP 100
IF DIRECTION(CNV) IS EnuAL TO 1 9 CONVOY IS WEST BOUND MIDP 110
LET OUTF(PRINT.POSITION(SENS)+ 2) = Hnm MIDP 120

60 Our MIDP 130

ELSE ' ITS EAST ROUND MINP 140
LET ODUTLF(PRINT.POSITION(SENS) = 2) = wew MIDP 150

TOUTY NESTROY THE MINPOINT.PASS MINP 160
WRITE TIME.V, SENSy 4+ DIRECTIONICNV)y 0O AS BINARY USING DISK MIDP 164

L MIOP 165
PICHECK TO SEE IF SENSOR IS COMPLETED (XIF BASE IS 0) MIDP 166
ve MIDP 167
IF RASE(SENS) = 0,0 AND IND3 = 2,0 MIDP 168

LET TIME = TIME,.V + 0.001 'Y GIVES DIMENSIN TO 1 TRUCK MIDP 168
WRITE TIME o SENS, 8y DIRECTIONICNV), NBR.CONV(CNV) AS MIDP 169
BINARY USING DISK MIDP 164

REGARV.ESS MIDP 1A
RETURHW MIDP 170

END MiDP 180
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EVFNT NEXT.SENSAR SAVING THME EVENT NMOTICE ' m, HERMAN R/A/7] NXSN 10
X NXSN 20
'Y THIS EVENT INDICATE THAT A CONVDY HAS JUST ENTEREN THE KASE NF A NXSN 30
ot TRIANGLE, IT WILL SFLECT THE VELGCITY AT THE NEXT SENSOR AND NXSN 40
*r SCHEDULE THE NTXT SENSOM EVENT. IF THIS IS THF SECUOND SENSOR FGR  NXSH S0
¢ EITHER NIRECTION [T WILL SCHEDNILE A MEXT CONVIOY, ADDITINNALLY IT  NXSN 60
0 SCHELIULE A MID POINT PASS EVENT FOR THE FIRST AND LAST TRUCK. NXSN 70
" NXSN RO
NEFINE CNVy SENS, NMXT.SNSs NDIR,SENSPUSIT, PRELCNV.FLAGL NXSN 90
£S INTEGER VARIABLES NXSN 92
LET CNV = CNV.NHRINEXT.SENSOR) 1 CURREMT CONVOY NXSN 100
LET VELCTY = VELOCINEXTL.SENSMR) ' CURRENT VELOCITY NXSN 110
LET SENS = NXT.SEMSRINEXT.SENSOR) *v CURRENT SENSOR NXSN 120
LET PRE.CNV = PRIUR,CANVINEXT.SENSOR) v CONVDY IN FRONT NXSN "130
LET FLAGL = 1 '+ (0) INDICATES END f-- STRING NXSN 135
0 NXSM 140
't SET ALL NEW ATTRIRUTES OF CONVOY NXSN Y50
LET SPACING(CNV) = SPAGCE,FACTOR * VELCTY ¢% DIST BETWEEN TRUCKS NXSN 140
LET VELOCITY(CNV) = VELCTY NXSN 170
LET CNVLLENGTHICNV) = SPACTAGICNV) % (NRR.NF,TRUCKS(CNVI= 1) NXSN 180
LET SENSR.NRR{CNV) = SENS ¢ FIRST TRUCK IS IN THIS SENSDR FIELDNMXSN 190
LET DIR = DIRECTION(CNV) "' ) 1S WEST.2 1S EAST NXSN 200
WRITE TIME.V, SENS, 7. NIR, NHR,CNNV{CNV) AS HINARY USING DISK NXSN 204
L] NXSN 210
Y1 [F THIS SEMSNR IS THF LAST IN THE STRING SCHFNULE A DESTRNY CONVOYNXSN 220
" NXSN 230
IF (DIR =] AND SFENS = N.SENSNR) NR (NIR = 2 AND  SENS = 1) NXSN 240
LET YIME = (RASE(SENS) + CMV,LENGTH(CNV)Y)/ VELCTY MXSN 250
SCHENULE & NESTRNY.CONVOY AT TIME,V + TIME NXSN 26D
LET NEST.CAVINDESTROY.CONVAY) = CNV NXSN 270
LET FLAGL = 0 NXSN 274
60 TO MID NXSN 280
FLSFE 19 IF THIS IS THE SECOND SENSDR FOR A EONVOY SCHDULE THE NEXTMXSN 290
PICONVAY, THIS PREVENT MORF THAN ONE CONVOY IN  NXSN 300
*EAREA UNDER SENSNR FNR EACH TRIANGIE NXSN 310
If {SENS = 2 AND DIR = 1) Nk {SENS = N.SENSNM = 1 AND DIR = 2) NXSN 320
LEY TIME = CNVL.LENGTHICNV)/VELCTY NASN 330
; SCHFEDULE & SCHFD,NEXTL.CONVOY AT TIME.V + TIME NXSN 340
‘ LEYT CHNV.DIRECTION(SCHEDJNEXT,CONVOY) = DIR NXSN 350
: LET PRIFR,CONVNY{SCHEONEXT,CONVOY) = CNV NXSN 360
REGARDLESS ' (VATAIN VELNCTTY AT NEXT SERSOR AND CHECK SPACING NXSN 370D
LET NXT.SNS = SEMG 4+ 1 NXSN 3R0
¢ IF NIR = 2, ST MNXT,SNS = SENS ~ | NXSN 290
RFGARDLFSS NXSN 400
LET X = HFTAJQFIKLIDIRY, K2{NIR), 3) NXSN 410
] LET VEL.NXT = X * (UPPERANDINIR) = LOWER,BND{DIR}) NXSN 420
+ LOWER ANDINTR) NXSN 430 1
H ' CHECK PRTIR CONVNY T INSHME WE WONT CATCH IT. NXSN 440 3
. IF PRFL.CNV IS NE D 0 CONYNY AMFAD NXSN 450 i
LET J = CNV.LENGTHIPRE CAV)I/NIST.UTWN,SEMSOR ¢ .4 YHEDIIIYV, NXSN 440 p
IF iR = 2 PISENSHRS NXSN 470 H
LET U = = J NXSN 4RO :
REGARNDLESS *' GFT Max SENSOR NUMRER NF LAST TRUCK [N CONVDY NXSN 490 i
LEY SFENS,POSTT 2 SENSK JMHR(PHE,CNV)Y) -~ ) NXSN 50N k!
1F (DIR&] AN SENS.PHSTT <o NXT,SHS) NR [(Nike 2 AND NXSN 510

SENSLPHSTIT >3 NXTLSNS) PVOTHEYE YAY K- A TRUCK UP NXSHN 5)2 .
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THEN IF VELJNXT IS GT VELNCITY(PRELCNVI *'GNING TNO FAST NXSN 520

LET VEL.NXT = VELNCITY(PRE,CNV)  $ISET SPEENS EOLAL NXSN §3()

OTHEQWISE ¢ NN TRUCK JTMMENTATELY AHEAD NXSN S40

ELSE ' NO CONVODY IN THE STRING GOING THE SAME DIRECYINN NXSN 550

te NXSN 560

v SET THE TIME OF THE NEXT SENSNRFVEMT MXSN STn

0 NXSN 580

LET TIME = (DIST.RTWN,SENSIIR ~ BASE(NXT.SNS)/2.0 + BASE(SENS)/2.0)NXSN 590

/VELCTY NXSN 600

SCHENULE THE NEXT,SENSNR CALLED INCLIND(CNV) AT TIME.V + TIME NXSN 610

LET NXT.SEMSR{NEXT.SENSNR) = NXT,SNS NXSN 620

LET VELNC{NEXT,SENSOR) = VELNXT NXSN 630

LA NXSN 640

st SCHENULE THE TIME THE FIRST AND LASYT TRUCK OF THE CONVOY WILL PASS NXSN 650

*0 THE CENTER NF fHE SENSOR MXSN 660

MIDY NXSN 670

LET TIME =RASE(SENS)/(2.0 ® VELCTY) '' TIME FIRST TRUCK CROSSES NXSN 6H0

SCHEDULE A MID.POINT . PASS 4T TIME,V-+ TIME NXSN 690

LET CNV ,MIMRER{MIN,POINT PASS) = CNV NXSN 700

LET SN.NN{MIN,PDIMT,PASS) = SENS NXSN 705

LET MARK(MIN,POINT,.PASS) = 1.0 NXSN 705

IF FLAGL = 0 14 NO MORE SCENSDRS NXSN 706

GO TiM NXSN 707

FLSE NXSN 708

IF DIST.BTWN,SENSOR ~ BASEINXT1,.SNS)/2.0 GT CNVLLENGTH{CNV) ' *SPEED NXSN T10

1T M LET TIME = CNV.LENGTH(CNVI/VELCTY + TIME YIWMONT CHANGE NXSi 720

G0 SCHD NXSN 730

ELSE 1 THERE WILL RE A SPEEN CHANGE NXSN 740

LET TIME ={DIST,ATUM,SENSOR =~ HASEINXT.SNS)/2.0)/VELCTY + NXSN 750

. {CNV.LENGTHICNV) = NIST.RTWN.SENSOR + BASE{(NXT.SNS)/2.0) NXSN 760
& JVEL.NXT  + TIME MXSN 770
5 ISCHNYSCHENULE A MINLPNINTL.FASS AT TIME,.V + TIME NXSN 7RO
3 LET CNV NUMRER(MIN.PNINT,PASS) = CNV NXSN 790
. LET SN.NNIMIN,POINT PASS) = SENS NXSN 792
.. . LET MARK(MID.POINT.PASS) = 2.0 NXSN 794
. | IF BASE(SENS) IS FEOUAL T 0.0 v THE SENSUR CANNOT RECORD TRUCKSNXSN ROO
[ RETURN NXSN R1Q
k- ELSE NXSN R20
E SCHEDULE AN INCREMENT.CHECK AT TIME.V + NELTASISENS)/{2. * VELCTYINXSN 830
Tl LET SENS.NHR{INCREMENT .CHFCK) = SENS NXSN 840
A LET CNVY NBR(INCREMENTLHECK) = CNV NXSN R50
LET DIST.TRAV(INCREMENT .CHECK?) = DELTAS(SENS)/2 .0 NXSN RAD

1F MAG,SENS NE O ¢ THE SENSOR 15 MAGNETIC NXSN Rb4

LET NDIST.TRAV(INCREMENT CHECK) = NRR,OF,TRUCKS(CNV) NXSN Rbé

OTHERWISE NXSN 86A

RETURN NXSN RTO

END MXSN HRQ




il EVENT PRNT ,MAP SAVING THE EVENT NOTICE 1 M, BERMAN R/12/71
(R

1ITHIS EVENT PRINTS AMY FALSE ALARM OR DETECTION THAT KAS OCCURRED
$9 [N THE INTERVAL DEAD.TIME ON ANY SENSOR

[ 3N ]

LET TME = TIME.V + DEAN.TIME

WRITE TME AS /., D (Be3)y S 1y "%, B 120, i
< SCHEDULE THE PRNT.MAP AT TME
Ny RETIRN
i END
(:e
3y

».

PRNTM
PRNTM
PRMTM
“RNTM
PRMTM
PRNTM
PRNTH
PRNTM
PRNTM
PRNTM
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FVENT SCHEDNMEXT,CUNVOY SAVIMNG THE EVENT NNTICE'Y M, RERMAN A/710/71
"
'Y THES EVFNT CREATES AMD SCHEDULES A CONVOY TO PASS THROUGH THE
Y SENSAIR FIFLN, THE VELOCITY FOR THE FIRST SENSUR IS SFLECTED AND
$¢ A NEXT SENSOR EVENT 1S SCHENULED FOR THE FIRST SENSOR
(X
DEFINFE DIRLPRECHYV, CNV, SENS,TRUKL AS INTEGER VARIAHKLES
CRFATE A CNNVQY CALLED CNV

ADND 1 TO  NBOOF CNY VICAOUNTS CONVOYS GENERATED
IF NELOF,CNV T MAXJNRR,CONVS
G0 TO FIN
ELSF

LET DIR = CNV.DIRECTION{SCHEN NEXT .CONVOY)
LET PRELCNV = PRIER CONVNY{SCHED.NEXT.CONVOY)
‘e SELECT A NUMBER OF TRUCKS FOR THE CONVOY
LET NBRL,OF,TRUCKSICNV) = TRUCKS
ADD 1 TH CONVYLSTIZE(DIR, NARJOFLTRUCKS(CNV)T ¢ COLCT STATISTIC
LEY DIRECTION(CNV) = DIR
AND 1 TO CNV.CNTR{NIR) ¢ ASSIGN A CONSECUTIVE NBR, TH CONVOY

LET NBR.CONV(CNV) = CNV.CNTRIDIR)
(X

¥t DBTAIN VTHE TIME AT THE FIRST SENSOR (NDMINAL HASE)
'
LET TIME = EXPONENTIALLF(CMNV,RATE(DIR), 3)
IF CONST.CNV = | '* USER ASKED FOR CONSTANT COMVY RQATE
LET TIME = CNV.RATE(DIR)
ELSE

' OBTAIN THE VELOCITY THRI THE FIRST SENSOR
[ ]
LET X s8I TAJLF(KL(DIR) \K2(NIR), 3)
LET VEL = X ® (UPPER.ANDINIR) =~ LOWER.AND(DIR)) + LOWERLBND(DIR)
** CHECK TO BE SURE WE MAINTAIN AT LEAST ONE SENSOR BETWEEN CONVOYS
e
IF TIME % LOWER .AND(NIK; 1S LT DIST.RTWN.SENSOR
IF TIMELACINC.IND(PRELCNV)) IS L1 TIME.V + TIME
IF VEL IS GT VELOL(INC.IND(FRE.CNV))
LET VEL = VELOC(INC.IND(PRE.CNV))
60 ouT
ELSE
60 ouT
NYHERWISE 14 CORRENT VELOCITY NF THE CONVOY WILL HOLD
IF VEL IS 6Y VELOCITY!PRE.CNV)
LET VEL = VELGLITY{PRE.CNV)

ELSE
REGARDL =S¢
NuT e
'Y TIMFE & e ST SENSNR
s
LFY FIRST.RASE = RAASE(.. IF DI® = 2y LED FIRSTLRASGE =

RASFIN,SENSOR)
REGARDLESS
LET TIMF = TIWME +« (NOMINALJHASE « FIKST.BASE)/( 2.0 % VEL )
IF TIME.V ¢ TIME 6T MAX,.TIME
SURTRACT 1 FRNOM MR F LNV
SURTRACT 1 FOM CONVY , SIZEIDNIR NRKLOF  TRUCKSICNV) )

SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN

SNCN -

SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCM
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SKCN
SNCH
SMCN
SNCN
SNCN
SWEN

220
230
270
2RO
290
291
293
294
296
297
298
299
300
316
31¢
320
az1
327
323
330
340
3450
3A0
366
AL
364
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SHRTRACT 1 FROM CNV.CNTRIDIR)

G0 TU FIM
FLSE

SCHEDULE A MEXT.SENSOR CALLED INC.INDICNVI AT TIME,V 4 TIME
LET SENS = 1 [F DIR = 2, LET SENS = N,SEMSOR  REGARDLESS
LET NXT,SENSRUINC IND(CNV)) = SENS
LET CNV.NRR (INC,iNN{CMV)) = CNVY
LET  VELDC (INCL.IMD(CNV))
LET PRIDR CONVIINCL.INND{CNV) ) = PRE,CNV
LET BACK.POIMTUINCLINDIPRELCNV)) = CNV 1' UPNDATE THE BACK

= VEL

'Y POINTER FOR PRIGR

LET TRUKL = NBR.NF,TRUCKSICNV) ' PERMITS PRINT TRUCKS

WRITE TIME V+TIME, TRUKY
USTING DISK
SFINSNESTROY THE SCHEDNEXT .CONYNY
RETURN
END

14

le DIRJCNV.CNTRIDIR) AS BINARY

SNCM
SNCN
SNCN
SNCN
SNCN
SNCN
SNCH
SNCN
SNCN
SNCNn
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN
SNCN

344
366
3468
370
380
390
400
410
420
%25
426
426
“27
427
42R
430
)
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Appendix D1
THE INPUT TAPE FORMAT FOR THE PATTERN DETSCTION ALGORTTEM

If informstion from actual sensor data is to be input to the de-
tection algorithm, the following format must be used: .

Bach logical record represants an activation and must be five
words long sorted in asceniing order on word 1.

Word l--time of activation (decimal).

Word 2--gensor number of activation (integer).
Word 3~--the integer 3.

Word 4-~the iﬁteger 0.

Word 5~--the integer 0.

The last three records of the file are special:

Record N-2 (same format)
Senscr l-—~time of activation = time of last actual activation + 5,

Record N~1 (same format)
Sensor l--time of activation = time of last actual activation + 10.

Record N (same format)
Word 3-- ":e integer 9.
All other words, the value 0.
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Appendix D2
- THE QUTPUT FILE FORMAT CREATED BY THE STMULATIUN MODEL

Each logical record is five words long and is sorted on the file
in sscending order on woxd 1,

Word l--time (decimsl).

Word 2--sensor number if au activation, or pumber of trucks in
the convoy if convoy has just entered the string (integer).

Word 3--type record code (integer):

1--convoy starts through the sensor field.

2--convoy leaves the sengor field.

3~~false-alarm cctivation. _

4--first vehicla of convoy passes the midpoint of the sensor.
5-~last vehicle of convoy pseses the midpoint of the semsor.
6--vehicle activation.

7-——first vehicle cf a convoy starts through s sensor.

8--last vehicle of a convoy leaves a sengor.

9--indicates last record of the file.

Word 4--convoy direction (integer 1 or 2).
Word 5--convoy number. Each convoy is numbered consecutively
(1 to N) for eaoh direction separately (integer).

The last three records are shown in Appendix D1.
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Appexdix X
INPUT DATA DECK FOR THE PATTERN DETECTION ALGCORLTHM

The following is a fully setup Geck to run the pattern detection
algorithm on the Rand IBM 360/65 computer installation. Tape number
002325 in this case contains the output activations of the simulation
model, but it could contain actual activation data. (The format is
described in Appsndix D1 for actual data, and in Appendix D2 for sim-
ulation or experimental data.)

/7/C430080&  JOB  (5772,300,120),'4NTHONY P. CIERVO' ,CLASS=A
J7/PALLI?20 EXEC SFORTGNAME=sLOGICXLIRLw'R4562,LIR2Y yREGION=]96K
J1FiGOLFTOEFONL DN SYSOUT=Y,SPACE={TRK, (95041 )4+RLSE ),
77 DCB={IECFMxFRA L RECL*133 .1 KSIZ25=1330)
J/GNFTNRFONT NN UNIT=TAPF,NSNeRLEA2,VIILESER=ON232S,
/7 DCBs(RECFMaVRBLKSTZE=2404,LRECL=24),
17 DISPsILNGLAREL=( 4y IN}
7/GD.SYSIN DB =
THIS IS AN EXAMPLE OF THE PATTERN DETECT. ALGOR, USING SIMULATEN DATA 2/12/72

1 24.0 35.0 15.0 24.0 35.0 15.0 0,40 0.05
0.5 1000.0 &7 5 3 3 5 60.0 1
0 1.0
? 250.0 250.0 250.0 €50.0
/*

7
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Appendix P
THR SOURCE LISTING OF THE PATTRRN DETECTION ALGORITHM

¢ MATN RUWTINE = LOGIC BOX M, BERMAN 9 SEPT 71 MAIN 10
r MAIN 20
£ THIS RIMTINE REANS ALL NECESSARY INPUT INFORMATION. DIMENSIONS MAIN 30
¢ ALL BIRAYS AND ZERDS THNSE ARRAYS. SOME PRELIMINARY CALCULAYIOMS ARE MAIN 40
C MANE, MAIN 50
I wax NEFINITINNSG sux MAIN &0
W ' MAIN  TO
. AVOVEL(K) - AVG. VELOCITY BETWEEN SENSNRS FOR DIRECTION K, (KM/ZHR)IMAIN 8O
(A (1 = WESTAOUND, 2 — EAST30OUND) MAIN QO
C . Hall 100
C RETA — MAX TIME BETWEEN DETECTIONS IN A VALID STRIP. (MIN,) MmAIN 110
c MAIN 120
C AWWND(K) - MAX, VELOCITY FOR DIRECTION K. MAIN 124
(N MAIN 126
C CSENS - WEIGHT BELDW WHICH A SENSDR 1S CONSINERED HYPO--ACTIVE MAIN 130
C MAIN 140
C DIST(D) = DISTANCE (M.) BETWEEN SENSOR I AND I - 1 MAIN 150
c MAIN 160
C IR{1,K) - POINTS TO THE NEXT AVAJLABLE STORAGE CELL FOR SENSOR  MAIN 170
c T+ DIRECTINN K : MAIN 180
c MAIN 190
C INROP(T) « MARKS A SENSNR 1 WHEN DROPPED FROM THE STRING MATIW 200
[ { 0 = NNT DROPPED, 1 = DROPPED) MAIN 210
C MAIN 220
€ IXTRAJ(K) = COUNTS THE NBR. OF TRAJECTORIES STARTED, DIRECTIDN K MAIN 230
pe MATN 2640
C INACTV(L) -  THE NUMBER DF CONSECUTIVE PERIQDS SENSOR I HAS HEEN MAIN 250
C HYPO~ACTIVE MAIN 60
C MAIN 264
C IWYIND -~ COMPUTE WTS, INDICATOR, IF NOT O NONE WILL 85 COMPUTD MAIN 265
[4 MAIN 270
C JSR(I) - TEMP STORAGE FOR RNKING SENSOR NO., NN YIME MAIN 276
c MAIN 275
L KAGRAF « USER GRAPH PLOTTING CONTROL. O - NO PLOT, 1 = GRAPH MAIN 278
[ MAIN 27C
C LASTSNIK) -~ THE SENSOR NO. OF THE LAST SENSNDR IN THE STRING FOR MAIN 240
C DIRECTION ¥, MALIN 290
A MAIN 300
¢ MSENS - THE MINIMUM NUMBER OF ADMISSIBLE STRIPS FOR A TRAY, MAIN 330
C CONFIRMAT ION MAIN 340
C MAIN 350
C NAtD) ~ COUNTS THE NHR, OF ADMISSABLE STRIPI 0O SENSNR 1 EACH MAIN 340
C PERIND “AInN 370
. MAIN 3HO
C NASTC(L+K,1) = ANMISSARLE STRIP FDR TRAJECTDR NO. L. DIREC, K ON MAIN 390
. SENSNR 7 ? \ -~ YES, O ~ ND MAIN 400
7 MAIN &)0)
CONAVLINUL4J,K) = INDTCATOR WHICH SHNWS WHETHER OR NOT VALYD STRIP %AS MAIN 420
2 i ANMISSARLE N WINANKW OF CELL J « OGN SENSW | FDR MaIN 430
w NIRECTINN ¥, MAIN 440
C MAIN 430D
. NA - THE NO, OF TRAJECTORIES TO BE CONFIRMED HEROMS MAIN 46D
r UPNATING WEIGHTS, MAIN &7
L MAIN &AD
. nCARIRM ~ THE DEVICE NN, NF THF CARD READER MAIN Gu(
f. MALE 500




.
r
C
c
c
c
<
c
c
C
<
C
c
c
C
c
C
[
¢
c
c
c
c
c
C
c
c
-C
c
c
[
C
C
c
c
.
C
c
C
c
c
c
[
c
L
f
‘.
.
f
C
A
A
L
C
c
f.

ND

NOETEC(T}

MDY SK
NIRSTRIL)
NEND

NOPENTIT oK)

NSENSR
NSNS
NPRNT

NRTRAJ(T4JsK)

NTJSTRIL)
NTRAJC
NViT)
PCTSEN
RIT)
SEGULNT
TIMFINGT}

TIoAUND(T)
TMEFST(L )
THELST(])
THESR ()
TSRAR( 1,k

TYUSLE L ux )

LBAND (5

Wit}

§

!

-

-

NJLCF CNNSECUTIVE TIMF PERIGNS WEFURE HYPN=-ACTIVE MAIN

SENSOR 1S NROPEEND FROM THE STRING MAIN
' ' MAIN

COUNTS THE NOo 0OF DETECTIINSG ON SENSOR | THAT ARF MAEN
SEPERATED BY LESS THAN RETA MAIN
MAIN

THE DEVICE ND., OF THE INPUT DATA NEVICE MAIN
MALIN

STORES THE OIRECTION OF THE L~V CONFIRMED TRAJ MAIN
MATN

THE %0« OF CELLS AVAILARLE IN THE WINDOW ARRAYS MALIN
MAIN

SYORES THE CELL NO. OF THE FIRST UPEN WINDOW OF -SENSORMAIN
I ruor DIRECTINN K, MAIN
MAIN

INITAL NOo OF SENSORS IN THE STRING MAIN
MAIN

THE MAXIMUM NUMBER OF SENSOR THE LOGIC 80X CAN HOLD MAIN
MAIN

THE DEVICE NI OF THE LINE PRIMTER MAIN
MATN

THE TRAJECTORY NN, OF THE WINDOW IN THE J=-TH CELL ON MAIN
SENSOP. 1y DIRECTION K MAIN
MAIN

STORLS THE TRAJ. NO. OF THE \-~TH CUNFIRMED TRAJ, MALIN
MAIN

COUNTS THE NO, DF CONFIRMED TRAJECTOURIES MALIN
MAIN

COUNTS VALID STRIPS ON SENSOR I €EACH PERIOD MAIN
MAIN

~ THE PEACENT UF ACTIVE SENSORS REO'D TO COMF . /M MAIN
MAIN

CNEFF, FOR SENSOR | EACH PERIOD MAIN
MAIN

RVIAND SEGMENY LE 'CTH, (M.) MAIN
MAIN

STORED FINISH TIME OF A VALID STRIP N8 SENSOR . MAIN

STOREN NONLY FNOR THOSE SENSORS WHICH AKE MSENS UF VHE MAIN
STRING FNN. (NOTE : ONLY ONE VALID STIP PER SENSOR 1S MAIN

SAVED, & SUHSEOUTNT STRIP WILL NVERLAY) MAIN
MA [N

STORED RFGIN TIME. (COMPLEMENT TO TIMFIN(])) MAIN
MAIN

TIME NF FIRST IMPULSE IN A STRIP N SENSOR I, MALN
MATN

TIME OF LAST IMPULSE IN A STRIP ON SENSOR 1 MAIN
MAIN

TEMP STORAGE FOR RANKINK LAST DETEC TME FOR SENOR | MAIN
MAIN

AVG, TIME TH TRAVERSF DISTIL) FOR DIRECTION K, MAIN
MAIN

TIME TO TRAVERSE NDIST(I)y DIRECTION K,FUR MIN VELOCITYMAIN
(M = 1) DR MaX, VELDCITY M &' 2) MAIN
MAIN

MIN, VELINITY FOR NDIRECTINON K. MAIN
MAIN

THE YEIGHMT AN ADMISSARLE STRIP M SENSHIK 1 IS mA TN

510
$20
530
540
550
110}
570
540
590
600
610
620
630
640
650
660
670
630
690
100
710
720
730
740
750
769
770
780
790
194
795
RO0
810
H20
R30
R4
HG2
HéD
R&b
Heb
R47
LY
R&9
150
B&HO
£10
W72
R73
ET4
AR
B8l
HH
HMG
Ha0
no
10
Q0
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COMTRIRUTING TO A CONFIRMATION EACH PERIQD MAIN 930
MAIN 934
WPRIME( T WN) ~ THE SMONTHED WEIGT OF SENSOR 1 DURING PERIOD N, MAIN 936
MAIN 940
WCAP - THE SUM OF W(T) MUST BE GREATER THAN THIS FOR A TRAJ MEIN 950
CONFIRMATINN . MAIN 960
MAIN 970
WCNT -~ MINIMUM NR OF DETECTIONS TO FORM 4 VALID STRIP MAIN 980
MAIN 990
KLWTM{ T4 JyK) = WINDOW OPEN TIME OF WINDOW IN CELL J ON SENSOR I FOR MAINLOOO
DIRECTION K. MAINLDOLO
MAIN1020
WIPTMIT,J,K) = WINDOW CLOSE TIME OF WINDOW IN CELL J ON SENSHR I FOR MAIN1030
DIRECTION ¥ MaiNL06n
MAIN1050
44+ THE FOLLOWING ARE USED ONLY WHEN SIMULATING +++ MAINL060D
MAIN1070
REGTME(T.K) - THE TIME CONVOY I DIRECTION K ENTERS LAST SENSOR MAIN1OHO
OF THE STRING MAINL090
MAIN1100
FINTME([,K) = THE TIME CONVOY I DIRECTION K COMPLETES THE LAST MAIN1110
SENSOR (F THE STRING. MAIN112D
MAIN1130
NFALSE ~ COUNTS THE NO. OF CONFIRMED TRAJ. NTT DUE TO CONVUYS MAINL140
MAIN1150
NRCGENIN) ~ THE NO. OF CONVNYS GENERATED OF TRUCK SIZE N MAIN1160
MAIN1170
NRCNDY (N ) - THE NO. OF CONVOYS DETECTED OF TRUCK SIZE N MAIN11RO
MAIN1190
NRTRIIK(T,K) =~ THE NO. OF TRUCKS IN CONVOY I, DIRECTION K MAIN1200
MAIN1210
NS123 = THE NO. iF CELLS AVAILABLE IN THE CONVOYS ARRAYS MAIN1220
MAIN]1230
+++4 SEE ROUTINE GRAPHG FOR VARIABLE DEFINITIONS OF GRAPHS, +é4e MAIN1222
MAIN1234
COMMON/GRAPHS/ DISTR , GRMIN , GRPMAX, GRPMIN, IDIMl , IDIM2
1 K&GRAF, KEAST , KEASTRy KFALSEs KTRKS o KWEST , KWESTR
A MOIM3I , MDIM& , MEAST , MEASTR, MFALSE, MTRKS o WMWEST ,
Y MWESTR, NOWIND, NWOUTT, KEAST1, MEASTl, KWEST1, MWESTL,
z ZiZ00), AFALSX(Z0D0), AFALSY(200), DIRPEX{ 25), DIRPEY( 25),
3 DIRPWX{ 25}, DIRPWY( 25), EASTLX(150), EASTLY{150),
4 EASTUX{150), EASTUY(150), POINTX(200), POINTY(200),
5 WESTLX(150), WESTLY(150), WESTUX(1Z0), WESTUY1]150)
6 oTLISO) s TAFLSX(100), TAFLSY(100), TORPEX( 15), TDRPEY( 15),
T TORPWX( 15), TORPWY( 1S5}, TESTLX( 75), TESTLY! 75),
] TESTUX( 75). TESTUY( 75), TPUNTX(1001, TPONTY(100),
9 TWSTLX( 75). TWSTLY( 75), TWSTUX( 75)s TWSTUY( 75)
CNMMON/XTRA/ TIMINO(50), TIMFINISO), WPRIME(15,150), PCTSEN, RHO
v NA(L10O) LJVALMN{LO0), JASTMN(100)
NIMENSINN AVGVEL(2) sCOMENT (201 +DISTI1S) JIDROP(15),  MAIN1240
1 IKTRAJ(2) YINAGCTVU15)  LLASTSN(2) o BAWND( 2) MAIN1250
? NAVLIN(15:1042)NASTC(4042,15) ¢NDRSTRI20) +NDETEC(15)s MAINL240
3 NOPENT(15,2) oNRTRAJ(15+1002)sNTISTRI20)  oNV(15) e MAINIZTO
4 RI1S) JTHFFST(15)  ,TMELST(1S) +TSHAR(1642)¢ MAINI2RO
5 UPWNDIL2) WWi15,150) JWLHTMI15,1062), MAIN1290
¢ WUPTMI15+10,2)s TH(15+2)y  TERRI16), JSRU1H)sTMESR(1S),#AINL300
7 TVELI1442.2) MAIN]306
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é#'m# THE FOLLOWING ARRAYS ARE OMLY FOR CONVOY STATISTICS AND ARE NOT
Cowss NECESSARY FUR OPERATLON OF THE LOGIC ANOX

1
<
C *a2
c
[
Connn
c
25
C
Cupnx
c
c
Consn
C

N o=

1

DIMENSION BEGTME(S0,2) 4FINTME(50,2)
NRTRUK (50,21 4LSTCNVIZ)

CUNSTANTS

INIM1 = 200
IDIM2 = 150
MDIM3 = 100
MOIMe = TS
NCARDR = 5
NNTSK L]
NPRNT [}
NEND 10
NS123 50
NSNS 15
NWARAY = 150
NRTJC = 40
NRRTRK = 20

ZERN ERXNR ARRAY

nnD 251 = 1, 16
TERR(T) = O

+NRCGENL20)+ NRCNDTI20),

READ THE COMMENT CARD = THEN PRINT THE COMMENT LINE

READ(NCARNRs 1) (CUMENT(T)y I = 1, 20}
WRITE(NPRNT ,2) (COMENT(Y), I = 1, 20)

READ ALL INPUT CONTROL PARAMETERS ANND PRINT THEM

READ(NCARDR »3) 10D,

CSENS, WCaP,
v GRMIN o KAGRAF, NOWIND
1) TERR(L1) = §

IF (ID .NE.

IF (AVGVELL1)
1F (AVGVELI(2)

If (RWWNDIL)
IF (AWWND(2)
IF (UPWND(1)}
IF (UPWAD(2)

IF (ARTA ,LE. 0.0) IFRR(B) = 40

(AVOGVEL(T )y BWWNDI{T )y UPWND(I)y I = 1e2), BETA,
NB, NDy IWCNT, NSENSR

+LE. 0.0) IERR(2Z2)
«LF. 0.0) IERRI3)
«LE. 0.0) 1ERR(4)
«LEe 0.0) TERR(S)
«LE. N.D) T1ERRIS)
oLEe 0.0} 1ERR(T)

14

LI B B B B ]

IF (CSENS JLE. N.0) 1ERR(9) = 45

IF (WCapP

«LEa 0.0) TERK(LID) =
IF (SEGULNT LLE. 0.0) JTERR(11)} » 55

MSENS = PCTSEN * NSENSR

IF (MSENS
1F INR  LLE,
IF IND  LLF.

FF LIWCONY (LE, 0) LERQ{L1S) = 78

LTa 2 )

0) 1FRR(13) = AS
0) IFRR{14) = 70

IF INSENSR GT. NSMS) TERR(1S5)

WRITE(NPRNT 44) (AVGVFLI1)y HWWND{L}e HIPWND(T),

SEGLNT +PCTSEMs TWCNT+ HETA, Nrie CSENS,

50

TERR(12) = 60

SEGLNT.PCTSEN,

RH0

i0
15
20
25
30
33

s 72

1 = 142)s WSENMSR,

NDy WCAP

MAINL310
MAINL1320
MAIN) 33C
MAIN]1340
MAINL1350
MAIN1360
MAINL1370
MAIN13RO
MAIN1390
MAIN13YS
MAINL1396
MAIN1397
MAIN1398
MAINL1400
MAINLI410
MAIN1420
MAIN1430
MAIN1440
MAIN1450
MALH145]
MAINLl452
MAINL4S3
MAIN1GS4
MAIN1455
MAIN1456
MAIN14ST
MAIN1458
MAIN1460
MAINL1470
MATN14RD
MAIN1490
MAIN1SO0
MAIN1S10
MAIN1520
MAIN1530
MAIN1540
MAINLISHO
MAINL1S52
MAINLISA0
MAINL15T0
MAINLSRO
MAIN1590
MAIN16N0
MAIN1I&IC
MAIN1620
MAIN1630
MAINL1&40
MAIM16%0
MAIN1KHGO
MAINLG6OS
MATN]1AT70
MAIN16RO
MAINL16YO
MAINLTOD
MAIN]1TOG
MAIN1TIO
MAINLT720

i
i
i
i




A

ks
)

B rogs

> :. Lo
RN A LR

T AR AP
-

o

WRITE(NPRNT, 10) KAGRAF , GRMINy, NOWIND
WRITE{NPANT, 11) RHD
CR¥xs READ NDISTANCE RETWEEN SENSORS & PRINT
c
DIST(1) = 0.0
REANINCARNR,5) 1IN, (DIST(I)y I = 2, NSENSR)
WRITE(NPRNT,,.)
TOT = 0,0
DO 20 Y = 1, NSENSR
TOT = TOT + DIST(1)
20 WRITE(NPANT, 7) I, DISTLI)
IFLTOT JNE, SEGLNT) IERR(16&) = 80
c SET GRAPH PARAMETERS
KEAST
KEASTR
KFALSE
KTRKS
KWEST
KWESTR =
KWEST]
KEAST]
MEAST1
MWEST
MEAST
MEASTR
MEALSFE
MTRKS
t AEST
MWESTR
NWOUIIT = 0
GRPMIN = 0.0
GRPMAX = GRMIN
DISTR = NSENSR + |

R # % an
D000 20

LI B BB B ]

ODODO200Q0COO

c
Cesss SET AVG. TIME TO TRAVERSE EAGCH DISTANCE FUR EACH NDIRECTION
C 1) WESTBOUND
c
TSRAR(141) = 0.0
nn 30 1 = 2, NSENSR
TVELGToly1) = DISTLIN/(UPANDIL) /60,0 * 1000, )
TVEL({T+142) = DISTII). (ANYNDIL)/60,0 & 1000.)
30 TSRAR(]+1) = DISTII)/(AVGVEL(L) /60,0 * 1000,

(2) FASTHOUND
N = NSENSR ~ ]
TSRAR(MSENSR2) » 0,0
D &N | = 14 N
TVEL(Te2.1) = DISTII41)/LUPWND(2)/A0.0 & 1000.)
TVELIT14242) » DISTII+1)/Z{RAWWNDIZ2)I/60.0 % 1000, )
o0 TSBAR (J42) = DIST(I+L)/7(AVGVELIZ2)/A0,0 » 1006,)
SET LAST SENSDRS

g Na]

oy

LASTSN{1) = NSENSR
LASTSN(2) » )

C

Coden CHECK FI INPIIT ENQDR

c

MAIN1T73C
MAINLT732
MAIN1T736
MAIN1740
MAIN1T750
MAIN1T760
MAINLITTO
MAIN1780)
MAIN1790
MAIN180OO
MAIN1IBLO
MAINLIRZ0
MAIN]1830
MAIN183]
MAINLB3?
MAIN]1833
MAINLR33
MAIN1833
MAIN1R33
MAINL18A33
MAIN1833
MAIN]1R33
MAIN1833
MAIN1A33
MAIN]A33
MAIN1833
MAINMNIA3Z
MATNIR33
MAIN1R33
MAIN]1833
MAINL1R33
MAIN1834
MAIN]1R3S
MAIN]1R36
MAIN1R4D
MAINL1350
MAIN1860
MAINLRTO
MAIN1BKO
MAINIRYO
MAIN]R92
MAINIARGS
MAINL1900
MAIN]19]O
MAINL9Z0
MAIN]L930
MAIN1940
MAIN1950
MAIN]YS2
MAIN]9%4
MAINTIQAD
MAINL QR4
HAIN1IAN
MAIN]YAA
MAINTIGTO
MAIN]LYNO
MAINLOGO




100

110

Conen

200

150

Cosen
(4

310
309

400
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IFRRMR = O
PN 100 1 = 1, 14

TERRNR = [FRROR + [F2QL1)
IF {1FRaor) 200. 200, 110
WRITE(NPRNT, A) (IERR(I)s I = 1, 16])
caLL EXIY

SET P DISTANCFE OF X AXIS FOR GRAPHING

TLil) = .05
TLINSENSR) = .95
ITEMP = NSENSR - )
NO 150 1 = 2, ITEMP
TLEI) = .9 % DISTLI)/SEGLNT + TLAI-1)
SET UP GRAPH

1F (KAGRAF .NE, D) CALL GRADPH (1. TIME, NPRNT)
IRERO ALL ARRAYS

DN 300 t = 1, NSENSR
TORNP(1Y = O

INACTVII) = O
NDETECIY) = O
JSR{1) = 99989
TMESRIT) = 99399,
JASTMN(T) =~ O
JVALMN(T) = O
NVII)Y = 0
NALI) = O
Wils1) = 1,0/ FLNAT(NSENSR)
WPRIME(T 1) = ¥W(l.])
THEFSTIL) = 0.0
TMELST([) = N0
{1) = 0
Tlnnnn(l) e 0.0
TIMEIN(L) = 0,0
NN 300 K = 1, 2
18{1,K) = |
NOPENT (] ,K) w O
IKTRAJ(K) s 0

FO 310 J = 1, NEND

NAVLINITd.K) = 0
NRTRAJIT«JeX) = O
WLWTMIT oy X)) = 0,0
WHPTMI] 8, K) = 0.0

NN 306 9 = 1y NRTJC
NASTC(J Xy 1) = D

D 400 | s Y, NSIZY

NN 400 K = 1, 2
LSTCNVIK) = O
NRTRUK( I ,X) = O
REGTME(TX) = 0,0
FINTHUE(T X)) = (1,0

ne s00 ] = 1, NHRTRK
NRCGENM(]) = 0

MAIN200D
MAINZ2DLO
MAINZ2020
MAIN2N3O
MAIN2040
MAIN2050
MAIN20S]
MAIN20S52
MAIN2053
MAINZ20SG
MAIN2055
MAIN20OYS6
MAINZDST
MAINZOSR
MAIN20SS
MAINZ205A
MAINZ2OSR
MAINZOGO
MAIN2DTO
MAIN20RN
MAIN20G0O
MAIN2100
mMAIN2110
MAIN2Y20
MAIN2LP2
MAINZ21264
MAIN2176
MAIN2)17A
MAIN2130
MAINZ2134
MAIN214D
MAINZ2]146
MAIN2150
MAIN2160
MAIN21TU
MAIN21T72
MAINZ21T4
MAINZ1HO
MAIN2190
MAINZ2200
MAINZ2210
MAIN222D
MAIN223N
MAINZ240
MAIN228O
MAINZ22A0
MAIN22T0
MA{NZ?HO
MAIN2290
MAINZINO
MAIN2310
MAINZ23 1Y
MATINZ23)2
MAINZ2IP?D
MALIN23%0
MAINZIaON
MAINZINO
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i3

1
500 NRCNNTIT) = 0 MAIN2360
WRITF INPRNT, @) MAIN2365
c MAIN2370
Cosan CALL THE FIRST ROUTINF MAINZ380
o MAINZ390

CALL VALINS{INROP , [KTRAJ, INACTYV, LASTSN, TVEL . NAVILD. NASTC MAIN24GD

0 1 v NDRSTR, NDETECy NUOPENT, NRTRAJ, NTJUSTRe NV, R o TMEFSTMAINZ2410
2 2 « TMELST, TSHAR , UPWND , W v WLWTM , WHPTM , IR MAIN2420
o 3 + REGTME, FINTME, NRCGEN, NRCNDT, NRTRUK, NRTJC o NRBRTRKMOINZ2&3()
4 4 s MEND 4 NSIZ3 , NSNS , . RETA , IWCNT , NSENSH, MSENS MAIN2440 i
X, 5 s+ CSENS 4 NP v+ NR + 0 e LSTCNV,NDISK, NPRNT , MAIN244] i
- 6 JSR, TMESR , WCAP , NWARAY ) MAIN2442 \
N CALL EX1T MAIN2450 :
k. c MAIN24KD !
A Coxux ENRMATS MAINZ4T0 ‘
c MAIN2440 i
g 1 FNRMAT{2044) MATM2490) j
-3 2 FNRMAT(1HL 20X 57H®un PATTERN RECOGNITION FOR VEHICLE FLOW PAST SEMAIN2500
9 INSIIRS mx&// 10X, 20A4) MAINZ2510
3 FORMAT(12+FA.Oy 7F10.0/3F10.0441104FR.24 127 12 4 Fb.2) MAIN2520

4 FORMATILIHO,2BHWESTHOUND  AVG. VELOCITY = , FAR,2y TH KM/HR.s 2X MAINZ2S30

1 21H  MAXIMUM VELNCITY = , F6.2,25H K/HR MINIMUM VELOCITYMAINZS40 v

2 s 3H = o, F&,2//7281 EASTROUNN: AVG. VELOCITY = , FR.2Z, MAINZS50

3 3 30H KM/HR, MAXTMUM VELDCITY = o F6.2. 12H K/HK MIthe MAIN2560

5 b 17HIMUM VELOCITY = , F6.2+ SH K/HR//11H*THERE ARE ., 13, MAIN2570
3 5 30H SENSORS ON A KUAD SEGMENT OF ,FR.2, L&H M, AT LEASY , MAIN25AU ‘

[ Fho3:3%9H ARE NEFNEDN TH CUNFIRM TRAJECTORIES/ZZ 9% & vaLln EY PLTTY

7 24HSTRIP CUNTAINS AT LEAST o 13,26H NETECTIONS NO MURF THANMALNZENO
. f vFTe3,01H MIN, APART//IH , 13,26H TRAJ MUST BE CONFIRMED o MAINZ&LO ;
4 9 SEHREFDRE UPNDATING WEIGHTS, ANY SENSAR HAVING A WT. RELIW 4MAIN2620 {

4 A FT.3+/ 51M IS HYPN-ACTIVE ANN WILL BE NROPPED FROM THE STRINGMAIN2A30
¥ A T4 AFTER o I3, 21H CNNSECUTIVE PERIONS.// 12H THE SUNM DF «MAIN2K4O ;
3 c 29HWE TGHTS MIIST HE GREATER THAN , F7.3,13H TO ACCEPT A , MATN2650) ;
s )] P4HYRAJECTORY CONFIRMATION,) MAIN2660 i
3 S FORMAT(12,FR.0s TFI0,0/{AF10,0)) MAIN24T0 i

S & FORMAT(IHO, 10Xy TH SFNSDR, SX,14H NDISTANCE(M,) //) MAIN26RO
- T FORMAT(LHO, 13X, 12. LiX,y F7,2) MAIN2690 ;
e A FORMAT()L2HNes® ERRURS: , 1612X, [3)) MAIN27GN) '
. 9 FN2MAT ( YHLl, TX MAIN2TN] :

; A 204 WINDOW CLUSFN TIMES,52X+&YHCINVOY ENTERS NR LEAVES (NN MAINZ2T0]

ITRUCK ) STRING/LIH (SHSEMSR, 3X, SHCLOSF, TX, &4HOPFN, SX. 3HNDIR, 2X,MAIN2702

2 RHTRAS Miley 39X, LORUUNVIIY Nley 2X,; 3HDIR,7X. 4HT[HE3X, MAIN2706

3 HHTRUCKS ! MAIN2TOR

- 10 FNRMAT(ZOHDGRAPHING CAMTROL I & 12+ 3Xe 20HMINITFS PER GRAPH = , HMAINZ2710

L 1 FR.2. 3X, VAHHINDOWS ON (®]) = , 14) MAIN2T12

11 FORMAT (29HOTHE SMOOTHIMNG CONSTANT IS a Fb.6) MAIN2T4

END MAIN2T LK

L e i ey 1 AR A
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C QINUTINE CHKADM Me RERMON 9/16/71 CHKA 10
c CHKA 20
c THIS ROUTINME CHECK A VALID STRIP ON SENSOR [ FOR LDMISSABILITY., IN CHKA 30
C ADDITION IT WILL CLOSE ANY WINDOW THAT SHOULD 8BF CLOSED ON SENSOR e CHKA 40
(o CHKA 50
SURROUTINE CHKADM (INRNP o IKTRAG. INACTV, LASTSN, HWwAD , NAVLID,CHKA &0
1 NASTC » NDRSTR, NPRNT , NAPENMT, NRTRAJ, NTJUSTR,CHKA 70
2 NV, R , FIRSTM: PASTTM, TSHAR . UPWND , W +CHKA 40
3 WLWTH o WUPTM 4 IR s+ HEGTME, FINTME, NRGEN ,CHKA 90
4 NCNDT , NRTRUKs NRTJC , NBRTRK, NEND 4 NSIZ3 SCHKA 100
5 NSNS , RETA o IWCNT , NSENSR, MSFNS o CSENS ,CHKA 110
& NDy NA, | + NTRAJC, LSTCNV, WCAP, NwARAY JCHKA 120
c CHKA 130
COMMON/GRAPHS/ DISTR o+ GRMIN , GRPMAX, GRPMIN, I0IML o IDIM2 R
1 KAGRAF, KEAST , KEASTR, KFALSE, KTRKS o+ KWEST , KWESTR
A MDIM3 o MDIMG o MEAST , MEASTR, MFALSE, “TRKS , MWEST ,
) MWESTR, NOWIND, MUOUTT, KEAST1, MEAST1, KWESTl, MWEST1,
A 2 20200}y AFALSX{200), AFALSY(2N0)s DIRPEX( 25), DIKPEY( 25),
- 3 DIRPWXL 25)e DIRPWY( 25), EASTLX(150!. EASTLY(150),
g % EASTUX(150),y EASTUY(1S0)y POINTX(200), POINTY(200),
K 5 WESTLX(150), WESTLY(150), WESTUX(150), WESTUY(150)
5 - ¢ yTLISOY s TAFLSX{100), TAFLSY(1NO0)y TORPEX( 15), TDRPEY( 15},
» 7 TORPWX( 15)y TORPWY( 15}s TESTLX{ 75), TESTLY( 75),
. a TESTUX( 75), TESTUY( 75), TPONTX(100),s TPONTY(10D),
95 9 TWSTLX( 75)y TWSILY( 75), TWSTUX( 75), TWSTUY( 75)
- COMMON/XTRA/ TIMUMDIIS0), TIMEIN(SQ)
x DIMENSTOIN INROF()) e NASTCUNRTIC 124 MSNS ),y NOPENTINSNS,2), CHKA 140
1 IKTRAJ(1) + WUPTM{NSNS,NEND,2 )}, WLATM{NSNS,NEND,2)CHKA 150
& 2 oNAVLINDINSNS yMERING2)y LASTSH{1) oNETRAJINSNS NEND,2ICHKA 140
b 3 v TBINSNS,2)s INACTV(1), BWWND{L1),NDRSTR(L)y NTJSIR(1), CHKA 164
- “ NVI1)s RE1)s TSHAR(L1), UPWND(L), W(l), REGTME(L), CHKA 165
.g 5 FINTME(1), NRGEN(1)y NCNDT(1)}y NRTRUK(1), LSTCNV(L) CHKA 166
i C CHKA 170
.3 CHat  CHFCK FOR ANMISSABILITY IN BOTH DIRECTIONS CHKA 1RO
S c CHKA 190
- NN 900 K = 1, 2 CH.. 200
c CHKA 210
Cxexx ]S THERF A WINDOW OPEN ON THIS SENSOR ? CHKA 220
i ¢ CHKA 230
5 IF (NNPENT(],K))10DO, 90, 140 LHKA 240
b c CHKA 250
3 Cxexx START A NEW TRAJ. -~ OPEM A WINNOW IF REMAINING SENSOR CAN CONFIRM CHKA 260
- Cesus A TRAJECTORY, CHKA 270
R c WESTRHOUND ? CHKA 2R0
B 90 IF (K = 1 ) 120, 120+ 95 CHKA 290
C ITS EASTBOUND Ci KA 300
‘3 9% IF (1 -~ MSENS) 106, 100, 100 CHKA 310
K c CHECK THE NQO. REMOVED CHKA 320
B 109 [CHECK =3 CHKA 330
[ D0 105 11 = 1, 1 CHKA 340
3 IF (IPROP(TILID)) 1NMIO, 105, 103 CHKA 3%0
1n3 [CHECK = JCHFCK - | CHKA 340
E 105 CONTINIIE CHKA 370
: 1F [ICHFCK -~ MSENS) 10A, 107, 107 CHKA 340
) € CHKA 340
Conmm SAVE THF VALID STHIP THATS MSENS FROM THE STRING END. CHKA 3K
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112

115
117

120

125

127
130

C
Comd s
L

138

135

Rk R o

YOO 0

140
C
Cvesy
C

142
[
[ % 224
f

1
2
3
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TIMUNII(E) = FIRSTM
TIMFIN{]) = PASTTM
GO 1O 9o

START A NEW TRAJECTORY

It =1-1
IKTRAJ(K) = IKTRAJ(K) + 1
CHECK SIZF OF NASTC ARRAY
ICKNAS  ={{IKTRAJLL) + IKTRAJ(2))I/INTRAJC + 1) + 1)
IF (ICKNAS LOGE, NRTJCY GO TO 1050
IK = MON(IKTRAJ(K.)y NRTIC)
IF (1K) 112 +» 1124 115
IK = NRTJC

CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHMXA
CHKA
CHKA
[N
[ H T
CHKA
CHKA
CHKA

Z7R0O ANM,STRP CNTRCHKA

N 117 12 = 1. NSENSK
NASTCUIN4K4I2) = O
FIRST ADM, STRIP

NASTC(IK«Ky 1) =1
OPEN WINDOW ON NXT SENS

CALL CHKOVL (1ls IKy K o+ I o FIRSTM, PASTTM, O , 0O , LOSTSN,

INROP , TSRAR , HWWAD o UPWRD , WLWTM , WUPTM .
NDPENT, MNAVLID, NRTRAJ. IR « NEND , NASTC .
NPPMT, MKTJC o MSMS o NSNS+1, NSENSR )

GI13 Y0 910
WESTROUND CHRCKS
N3W = MSEMSR + 1
IF (1 = (NSwWw -~ MSENS)) 12%, 125, 138
CHE THE N[O REMDVED

[CHFCK = NSW ~ |
N 130 11 = [« NEFNSQ
I (IhraOP(I1)} 1010, 130, 127

ICHECK = JCHECK - 1
CONT INNE
IF (ICHFCK = MSENS) 13R, 135, 135

DITTOD REMARKS STATEMENT 106

TIMUNAILT) = FIRSTM

TIVEIMI]) = PASTTM

G0 A0 900
/A It = [ +1

60 T 110

THERE 1S AN (IPEN WINMNDW ON THIS SENSUR
NATAIN CELL MM, 0F FIRST NPEN WINDOW

J ® NDPENT(].K)
DOFS BWNTTOM (IF VALID STRIP EXCFEN THIS WINDUW UPPER TIME ?
IF (FIRSTM ~ WUPTM(],leK)) L&k, 144, 200

NOE TS THE VALID STRIP KELOW THIS OFFG WINDUW 2

CHK &
CHKA
CHKA
CHKA
CHKA
CHKA
CHLE
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHK &
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHK A
CHKA
CHX A
CHKA
CHKA
CHKA
CHKA
CHKA
CHK &

383
384
584
ELT
340
400
Ll
G ey
430
432

435
440

LYY

410
480
490
500
510
520
530
540
55()
560
570
580
590
600
610
620

/30

[}
650
HHO
ol
6RO
L1:3]
6R?
bH3
HR4
685
bR%
690
700

710,

T20
730
T40
750
T60
770
790
790
CH
AN
20

i e - e o2 S e o N 1

SRR IR

™

SEE




146
c
CEmon
C
c

lué

c
Crmani
c

14R
¢ s-C

147
c
1470
C
Lok

c
149

Cumay
140
1562

c

Ceenx

C

1&R

163

145
170G

a0
190

“hes

[aEaky Nul

BN -

IF (PASTTM = WLWTM{J4J0K)) 90, 1464146

NGl ITS IN THE WINDOW, SHOULD WINDOW NOW BE CLOSED ?

COUNT THE ADM, STRIP
NASTCINRTRAS (T2 JuK)y Ky 1) = 1
IF (PASTTM = WUPTM{1,.J.K)) 163,

14R, 143

YES CLOSE 1T. IS IT THE ONLY WINDOW OPEN 7

WRITE(NFPRNT 1) 1o WUPTM(T4JeK)y WLWTM{T4JeK)y Ky NRTRAJ(TsJeK)
4060 OUTPUT MERE +++st ittt
IF ( (KAGRAF .EN. O) .NR,
CALL  SETRAY { ¥ely WUPTM(I eJeK)y

(J = (TALLIWK) ~ 13) 149 4 1604 1470
NUTE: JR{IK} CAN RE SMALLER

IF (J = (1B{T+K) + NEND = 1)} 149, 160,

0) ) GO TO 1a7
WLWTM{T,U,4K)

[NOWIND JEQ.
1F
THAN Je
1030

NO THERE ARE MORE WINDOWS GPEN, UPLATE THE WINDOW POINTER

iTEMP = g + |

iF LITEMP ~ NENN) 154, 156, 152
(TEMP 2 1

NOBENT(,K) - [TEMP
h2

THiL 1S THE ONLY UFEN WINL W (UL LE IT.
NOPENT(L.K) = O

NAVLID(T+deK )= O

IF ITS THE LASY SENSOR IN THE STRING THEN THE TRAJ, 1> LUWPLETE

1F (1 ~ LASTSN(K)) 165, L&A, 165

CALL TRAJCM [(NRTRAJIT+JeK)s J » Ke PASTTHM, IDRUP o CSENS
LASTSN, NMASRTC o NBy NDy NDRSTR, NMTJSTR, MSENS o NV
NTRAJC, R v TSHAR , WCAP 4 W ¢ MSNS
s NRTUC o NHBRTRK, HEGTME, FINTME. NOCNDT , MRTRUK.
LSTONV, NSNS+1l, MNSENSRy WLWTM{T.JeK)otWaND, NWARAY
GN TN 300
MARY. A VALID STRIP
NAVLIN( ] ¢ JeK)s )
OPEN L INDOW ON NEXT 3EWNSNOR
IF (K = 2) 1704 180, 1RO
L= ] +1
wh TN 190
L]~
CaLyL CHKOVL (L « NRYRAG(ToJeK)y K o T o FIRSTM, PASTTYM, O
LASYSN, INKROP o TSHAR, AWWMD 4 UPWND , ¥LHWIM
NOPFENT, NAVLIDNRTRAG. W » NEND s N&STC
NRTJC o NSNS o NSNSe],NSENSR
6N TH 900

THFRE- 1S MORE THAN NANE WINDOW MIPFM (IR HE MISSEN DR HITH,

CLOSF CURRENT wininlW

CHYA
CHKaA
CHKA
CHXA
CHKA
CHKA
CHKA
CHK A
CHKA
CHK A
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA
CHKA

94l
962
950
960
970
9R0
99

CHKALONO
CHKALOLC
CHKALO20
CHEALOZO
CHKALO40
CHKA105D
CHKAL0AOD
CHKALO7O
CHKALOR0
LN A1090
CHKAL YOS
CHKAL110

INACTV.CHKA]L120

+CHKALL30

NSIZ3CHKALL4O
NPRNTCHKALLSO

) CHKAILAQ
CHKALLTO
CHKAL1:10
CHKALLISN
CHKAL290
CHKALZ2 LN
CHKAL 220
CHK AL 230D
CHKAL 240
CHKAL29N

Ne CHKALZ2RD

WUPTH ,CHKALZ O
NERNT  CHKAL2KO

CHKAL2490
CHKAL 30N
CHKA13 1D
CHKAL3ZD
CHKAL32D
CHYXALS40
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o1} Lo WHPTYM(T.deK)y WLWTM(IsJeK), K, MRTRAJ(T,.J4K) CHKA 1350

C  S~C 4040 DUTPUT HERE +++4444 CHKAL3A0
IF { (KAGRAF .E0, 0) AR, (NDWIND .EO, 0) ) GO TN 203 CHMKA1362

CALL SETRAY ( Kelo WUPTM(IyJeK)e WLWTM(IydsK) ) CHKA1364

c IS THIS THE LAST SENSDR CHKA1370

203 IF ([ « LASTSN(K))207, 205, 207 CHKAL3HO
205 CALL TRAJCM (NRTRAU(T4JeK)y Jo Ky WUPTMII,JsK}y IDRNP , CSENS , CHKAL390

1 INACTV,y LASTSN, NASTC , MBy NN, NDRSTR, NTJUSTR +MSENSCHKA1400

2 s NV s NTRAJYC, R e TSRAR , WCAP , W +NSNS CHKA1410

3 v NSIZ3 » NRTJC o NARTRKs HEGTME, FINTME, NCNDT,VRTRUK CHKA1&42)

4 v NPRINT o, LSTCNV, NSNSele NSENSR, WLWTM(I,JsK)¢ BWWND, CHKA16G30

5 NWARAY ) CHKAl432

GO TO 228 CHKA 1440

in CHKAl1450
Cretx HAD A VALID STRIP EVFR FELL IN THAT WINDIW ? CHKALGHO
c CHKA14T70
207 IF (NAVLIND(1,J,K)) 1040, 210, 220 CHKA 1480

o CHKA1490
Cuees NO! EXTEND TRAJECTORY CHKA 1500
c CHKA1510
210 IF (K =-2) 214, 215, 215 CHKA1520
214 L=1e+] CHKA1530
G0N TN 2}6 CHKA1560

215 L=1-=1 CHKA1550
214 CALL CHKOVL (L o NRTRAJ(TLJyK) o K o I & 0,04 0,0, 1 o, J + CHKAL1560
LASTSiHe INRNBP 4 TSBAR 5 RWUND , LUPWAN 4 WLWTM, WHPTM,CHKALSTO

2 NDPENT, NAVLID, NRTRAJ, IR o NEND , NASTC, NPRNT.CHKALS5RO

3 NRTJCes NSNS , NSNS+1, NSENSR ) CHKA1590

GO 10 225 CHKA1600

. CHKAlA10
Cokse A VALID STRIP MAS FALLEW IN THIS WINDDW, . ZERD CNTR CHKAL620
C CHKA1630
220 NAVLINDII,3¢K) = O CHKAL640

. CHKA1650
Cwms o 100K AT THE NEXT WINNDOW IF THERE IS ONE. LHKA1660
[ CHKA2670
225 J=J e+ CHKAL16RO
IF (J ~ NEMD) 228, 228, 226 CHKAYLO9D

22+ J =1 CHKALT700
228 JF (J = [R{1,K)) 230, 240, 230 CHKAL1710

C THERE 15, UPDAYE PNTR CHKAL1T720
21n NOPENT(I4K) » CHXAL1730
GO T 162 . SET e

r NDOMORE winpO, CHX A, 750
240 NCPENTY(1.K) = 0 CHKAY T
6N TN o0 CHKAYTTD

900 CONY INNFE CHKALTRO
REVHaN CHKALTYO

[ CHKALROQ
Cedse ENREATS AND MESSAGES CHKALRLO
. CHKALRP0
) FNG~ATIM o 12, 3Y, FO,3, 3X, FQ.3, “Xs 12, 4Xy 13 CHKALR3O
100 WRITFINPANT, 100]) NOPENT{[,K), Ie X CHKALH&LN
100} FHAsAT (15H0%*E ERROR SO0 . 3[10) ' CHKALAS50
ChiL FXIY CHKALHAQ

1010 wa FVFIMNPANT L LIO1L) ENRDPITY) o | 4 K CHKAJRTO
1000 FORMAT(1SHN®»E: ERCE SIN , 3110) CHKALRAN

P, i



1030
1031

1040
1041

1050
1051

\ .
caLL EXIT CHKAL890

WRITE(NPRNT.10%1) Ja IBUIeK)o 1y K CHKA1900
FORMAT (15HO*&¥% ERRUR 520 , 4110) CHKALl910
CALL EXIY CHKAL920
URITE(NPRNT1041) NAVLIDITsJeK)e Iy Jo K CHKAL1930
FORMAT{15M0O*%xs ERROR 530, 4110) CHKA1940
CaLL EXIT CHKA1950

ICKNAS  =({1CKMAS + 1)}/2 CHKAL1952
WRITE(NPRNT,E051) TCKNAS + IKTRAJ(L)s IKTRAJ(Z) CHKAL1954

FIRMAT(5]1HO%Rax ERROR 527: ARRAY NASTCINRTIC, 24 NSNS) MUST CHKAL956

1 4THHAVE NRTJC DIMENSTON AND INDEX INCREASHD ABOVE »15.CHKAL1957
2 /7 1HOs 1EX412WTRAJ, CMP = o J4, L9HTRAJ BEGUN, WEST = ,CHKA1958
3 14y PRH EASY = , 14) CHKA1859
CALL EXIT CHKA1954A

END CHKA1960




~83-

ROUTINE CHKOVL ‘ M, BERMAN 9/13/7)

¢ covL

€ Coviy

C THIS RIUTINE 1S CALLED WHEN A #INDDOW 1S CLOSED ON A SENSOR, IT covi

C DPENS THE WINDOW ON THE NEXT SENSOR, IT CHECK FOR WINDOW OVERLAP, cavy

[ THAT IS IF & WINDOW TU RE GPENED OVERLAPS A PREVIONS ONE THE A covi

4 SINGLE LARGE WINDOW IS MADE, IF TWHE OVERLAP IS FROM TwD DIFFERENT CovL

[ TRAJECTORIES ONE LARGE WINNDDW IS CREATED SANITH THE TRAJECTOR NGO, covi

c OF THE LDWER WIMDOW. THE ROUTINE ALSH EXTENNS WINDUWS, THAT 1S IF COVL

¢ A WINDOW IS CLOSEDN THAT NEVER CONTAINED A VALID STRIP IT 1S EXTENDEDCOVL

c THE AVERAGE TIME. OVEILAP IS ALSO CHECKER DURING EXTENSION, CovL

¢ covi
SUBRAUTINE CHKOVLILe NTJe K o Ih, TMEFT, TMELT, TEXMD, NRCEL , COVL )

LASTSN, INROP , TSBAR., TVEL + UPWND , WLWTM , COVL

2 WUPTM 4 NOPENT, NAVLID,NRYRAJ, K + NEND , COVL

3 NASTC , NPRNT o, MRTJUC NSNS, MSN2 4 NSENSR ICOUVL

covL

L = SENSOR NN NN WHICK WINDOW IS TO RE DPENED coviL

NTY = TRAJECTORY WIMHBER covi

K - DIRECYION covL

1 - PREVINUS SENSOR covy

NRCEL ~ CELL NO OF WINDOW ON PREVIOUS SENSOR THAT 1S CLOSED covL

covu

COMMON/XTRA/Z TIMUNDI50), TIMFIN(SQ) covL

DIMENSTNON LASTSN(L1Yy JDRDP(1). UPWND{Ll), IBINSNS.2) . covy

1 NASTCUINRTJUCy24NSNS),TSBARINSND,.2), WLATMINSNS NENN2)y COVL

2 WUPTM NSNS ,NEND, 2 ) rNOPENT(MSNS»2) yNAVLID (NSNS ¢ NEND,2) ¢ COVL

3 NRTRAJ(NSNSINEND,2), TVEL(NSNZ2,2,2) covi

I = 16 covL

TMEFST » TMEFT covi

TMELST = TMELTY CovL

JEXTND = IEXND coviL

covi

Cesus WAS PREVIOUS SENSOR LAST IN THE STR&NG covL

cavy

A0 IF (K - 2} KRS, 90, 1010 covL

A5 IF (] = LASTSN(K)) 100, 95,95 covu

90 IF (. = LASTSNI(K)) -5, 9%, 100 covt

9% RETURN CovL

c coviL

Cesss NO! SEE IF SENSOR L HAS BEEN REMOVED. cove,

covi,

100 IF {INROPIL)) 1000 200, 110 covi

c coviL

Cosme [T KAS SKIP A SENSOR covi

c Covt

110 IF (K = 2 ) 120.130.1010 covi

120 Lol +) covi

60 1D 100 covL

130 Lel -1 toviL

6O 10 100 covi

C covt

Cosun [, CALCHLATE THE NEW WINDOW UP AND DOWN TIMES, covy

covt

Cedvs |S LT AN EXTENSION OF & WINONW 7 covy

cove

200 IF S1EXTNN) 1020, 210, 220 COveL

covie




Couns

210

C

Cesnn
220

é*tt#

c
300

Crwan
310
320

3%0
360
2390

shee

(s BEule Xl

400

NS ITS CAUISEN BY AN ADMISSARLE SYRIP covi,
COvVL

WOTME = (TMELST + TMEFST) * .6 & TVEL(L,N,2} covi,
WECTME = {TMELST + TMEFST) = .5 & TVEL(LeKol} ) Covl
G0 Y0 3nG COov\,
covt

YES! EXTEND WINNOW Eg:t
WOTME = WLWTM{l, NRCELs K) + TSBAR(L.K) CovL
WCTME = wUPTMIT, NRCELes K} + TSBAR(L,K) covi
covL

1T« CHECK FDOR OVERLAP IF THERE IS AN OPGN WINDOW ON THIS SENSOR CovL
covL

IFANOPENT(L X)) 1030, 310, 400 CovL
covi

(A) ND OPEN WINDOW, DOPEN ONE. Covi

covy

N = IBIL.K) covL
NOPENT (LK) = N SavL
WUPTM(L +NsK) = WLTHME covL
WLWTHM{L JNyK) = WOTME covl,

ZFRO VALID STRIP CNTR. COVL

NAVLID(L N,K) = 0 covL

SET TRAJECTORY N0 covil

NRTRAJ(LeNJK) = NYJ covy,

SAVE THIS CELL NO. chvi

NS3 = N covL

UPDATE FIRST AVAIL CELL COvl

N s N+ 1 covy

If (N .GT, NENM) N = ] covy
18(L+K) = N covi

covi

THIS SECYION TESTS TO SEE [IF THIS NEW WINDOW NOW 'BRACKETS 4 cuvi

PREVIOUS VALIN STRIP THAT WAS TON CLNSE TO THE STRING ENG TO RBE covi
ADHISSIKHLE,., 1T MAY NOW CAUSE AN ASTI AN OPEXN A WINDOCW ON NEXT SEN,COVL

1F (TIMFIN(L) - wOTME) 390, 330,

JF(TIMUNO(L) = WCTHME) 340, 340,

NAVLIN(L,NS3,K) = ]
NASTCINT oKelin |

Nt WINDOW N NEXT SENSOR
TMELST = TIMFEIN(L)
TMEEST = TImONA(L)
1IEXTND = O

I =0

1IF (K = 2) 350,350, 1010
Lei «1}

460 TN RO

L e~

6N T4 ARG

RETIRAN

(R) THMFRE 1S A WINDDW OPEN

J1 & JREL) - ]

fovL
covi
covi

ITS IN NEW WINGOW covi

cavi
covi,
covL
COvL
Cuvt
covly
covi.
covL
covt
covi
ClLvi
covi
chovi
covi
ccvl
COvy
OHBTAIN LAST OPEN CELL NOCIwWL
covy,

510
520

530
560
%60
560
580
50
600
610
620
»w30
640
650
660
610
&80
690
700
710
720
730
740
750
754
756
160
770
TRO
790
791
192
793
794
196
797
798
799
T9a
794
79C
79N
T9F
T9¢
796
T9H
Tyl
79
79%
7L
ROD
R1N
A2n
K30
A6
As()
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#
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510

520
C
Coess

1000
1601

1010
1011
1020
1021

1030
1031

1040
104]

IF (J1 oLTe 1) J1 = NEWD
J2 = NRTRAJILy Jlo K)
IS NEW WINDOW FROM SiME TRAJECTORY AS THE OLD
IF (J2 = NTJ) 420, 410, 420
YES! JUST EXTEND UPPER WINDNW

WUPTM(LsJ1+K) = WCTME
RETURN

NO! CHECK FNR OVERLAP,
IF (WOTME = WUPTMIL +J1¢K)) 500, 500,430
NO OVERLAP, OPEN A NEwW WINDOW

N = IBI{L.K)
GO TO 320

(C) wINJOWS OVERLAP, EXTEND CURRENT WINDOW

WUPTMI{LsJ1yK) = WCTME

MERGE ANMISSAKLE STRIPS INTO CURRENT WINDOW,

N0 520 12 = 1, NSENSR
IF [NASTC(NTJr Ky 121} 1040, %20, 510
NASTC(U2. K,y J2) = }
CONTINUE
RETUAN

ERNOR MESSAGES

VRITE(NPRNT,1001) L ¢+ TDROP{L)
FORMAT{1SHO®s» EpaNr 230 , 2110)
CALL EXIT

WRITE(MPRNT 1011} K

FORMAT{15HO®d® ERRNR 240 , 110)
CALL EX1T

WRITYE(NPRNT,1N21) T:3XTND

FORMAT( 1S5H0®ns EQRN2 2%0 , 110)
CALL EXIT

WRITE(NPRNT, 1031) Ly KeNOPENT(L oK)
FORMAT({ 15HO®%: FRRNR 260 4 3110)
CALL EXIT

WRITE(NPRNT, 10C41) NTJ, Ko 129 NASTC(NTUWK, 12)
FLRMAT{15MO®Re ERRNY 270 4 4110}
CALL &XIY

END

COvL AnKG

OXYAIN ITS TRAJECTORY NOCOVL BTH

cOviL 880
LavYL 890
cOvi 900
cavL 910
covL 920
covlL 930
COvL 940
Covy 950
CovL 960
COvL 964
cove 970
covy 9An
Covi 990
covLioono
¢GvL1010
covi 1020
COVL1030
covL1040
caviLlos0
COvVL1060
covilo7o
COVL1IOJRO
COvL1080
coOviLll00
covillio
covL1120
COVL1130
COVL1140
coviLllsn
COVL11a0
covLli?o
COVL11RO
Coviil90
coviiann
coveLlaio
coviLlrz22n
coviLl230
COVEL1240
coviiz2so
cnviizeo
coviLr270
COVL12HN
Cavil290
covyi3on
coviLisln
covilidz2o
covil3sn
COVL1 340
covilann
COViL 1360
covLl3Tn

B Gt UM -
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C RONTINE CHKWIN M, BERMAN 9/13/71 CWIN 10
[ CWIN 20
c THIS ROUTIMNE CHECKS WINDOW IN BOTH DIRECTIONS TN SEE IF ANY CWIN 30
c SHOULD HE CLDSEN, THE CHECKS ARE MADE IN THE PROPER SEQUENTIAL ORDERCWIN 40
Cc FOR FACH DIRECTION , THE ASSURES THAT WINDOW wWiLL HE CLOSED IN THE CWIN %0
[ PRIPER (IRDER, CWIN 60
o THE RDUTINF OPERATES IN Twi MODESE CWIN 70
[ (1) ALL WINDIOWS ARE CHECKED = NO VALID STRIP CWIN B8O
C (2) ALL UINDOWS EXCEPT FOR SENSOR I ARE CHECKED = VALID STRIPCWIN 90
[ ON SENSOR ICWIN 100
c CWIN 110
SURRUUTINE CHKWIN(IDRIOP , IKTRAJy INACTV, LASTSN, BWHND o, NAVLID, CWIN 120

1 NASTC o NDRSTR, NPRNT , NOPENT, NRTRAJ, NTJUSTR, CWIN 130

2 NVy R , FSTTME, PSTTME. TSBAR o, UPWND , ¥ ¢ CWIN 140

3 WLWTM , WUPTM , IR v BEGTME, FINTME, NRGEN o CWIN 150

4 NCNDT , NRTRUK, NRTJC » NBRTRK, NEND o NSIZ3 , CWIN 160

5 NSNS , BETA , IWCNY o NSENSR, MSENS 4 CSENS o CWIN 170

L} ND v NB vy IS v ISWTCH, NTRAJC, LSTCNV, CWIN 180

7 WCAP . TMELST, TMEFST: NWARAY ) CWIN 180

Cc CWIN 190

COMMON/GRAPHS/ DLISTR o GRMIN o GRPMAX, GRPMIN, IDIML , IDIM2 D
KAGRAF, KEAST o, KEASTRy KFALLSE, KTRKS + KWEST , KWESTR v
MOIM3 4 MDIMG , MEAST o MEASTR, MFALSE, MTRKS o, MWEST
MWESTR, NOWIND, NWOUIT, KEAST1s MEAST1, KWSSTl, MWESTL,
ZU200)y AFALSX(200)s AFALSY(20C)y NIRPEX( 25)« DIRPEY( 25),
NIRPWXL «5), NIRPWY( 2%), EASTLX(150), EASTLY(150),
EASTUX(150)y EASTUY{150), POINTX(200), POINTY(200),
WESTLX(150) s WESTLY{150), WESTUX(150), WESTUY(150)
«TLISO)y TAFLSX(100), TAFLSY(100), TORPEX( 15), TORPEY( 15),
TNRPWX{ 15)y TORPWY( 15), TESTLXC 75), TESTLY( 75).
TESTUXT 76),y TESTUY( 73} TRPONTX(100). TPONTY(100),
TUSTLXE 75)y TWSTLY( 75), TWSTUX( 75), TWSTUY( 75)
DIMENS UN JBINSNS 21,y TOROPIL)s NAVLID(NSNSyNEND,2 i +NOPENT(NSNS,2)CWIN 200

BB NITRPWUNID -

1 v LASTSN(L) o WUPTM(NSNS, NEND, 2) , WLWTM{NSNS,NEND,2) CWIN 210

2 v NRTRAJINSNS,NENN42)y IKTRAJ(1)y INACTV(1)y BWWND(1l) , CWIN 272

3 NASTC(3})y NDRSTR{1)y MTUSTRIL)s NV(1)e R(1¥, TSBAR(1), CWIN 213

& UPWND{1)y Wil)y HEGTME(L)s FINTME(L), NRGEN(L),NCNDT(1),CWIN 214

5 LSTONVE(L), NRTRUK(})y TMELST(L)y TMEFST(Y!! CWIN 215

b c CWIN 220
- NSG = NSENSR + | CWIN 230
g c CWIN 240
" Cover START WESTROUND DIRECTINN FIRST CWIN 250
¥ c CWIN 260
-4 DN 9ND K = §, 2 CWIN 270
3 [ = 0 CWIN 280
00 910 11 = 1, NSENSR CWIN 290

IF (K = 2) +t0C,s 110, 110 CWIN 300

100 ] =1 + 1 CWIN 310

60 TN 120 CWIN 320

110 I = NSS -~ 11 CWIN 330

c CWIN 340

Cesrs CONTIRUE TF SENSNR IS DROPRED FROM THE STRING CWIN 350

4 c CWIN 360
3 120 IF (INROP(TI}) 1000, 130, 910 CWwik 370
7 c CWIN 340

Coess CONTINDE JF ND WINDOW 1S GPFN ON THE SENSOR CHIN 390
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c CWIN
130 IF (NOPENT(I, K}) 1010+ 910, 140 CWIN

[ CVWIN
Cesmx CONTINUE [F THE STRIP wAS VALIN ON THIS SENSOR CWIN
¢ CWin
140 IF LISWTCH} 160,140, 150 CWIN
150 IF (1 -~ 18) 160.910, 160 CWIN

C p CWiIN
Cxama (JBTAIN CELL NOo NF FIRST OPEN WINDDW ON THL§ SENSOR CWIN
c CWIN
160 Jd = NOPENY(],4K) CWIN

c CWIN
Casin SHNILD WINDAW RE CLNSEN. [F NOT CONTINUE CWIN
(o CWIN
170 IF (PSTTME = WUPTM(I1.JsK)) 910, 910, 172 CWIN

c CHK FOR EXTENDED CWIN
172 IF (TMEFST(I) = WUPTH{IsJeK)) 174y 1T4, 1RO CWIN
174 IF (PSTTME ~ TMFLST(I) -~ BETA} 910, 910,180 CWIN

c CWIN
Cenox CLNSE WINDDW SECTIONM CWIN
c CWIN
1R0 WRITEINPRNT, 1) I, WUPTM (T¢JdsK) o WLWTM{TI,JK)ys K » NRTRAJ(IoJsKICWIN

€ S=C 4040 OUTPUT HERE . CWIN
IF { (KAGRAF .ED. 0) MR, (NOWIND LEQ, O) ) GO TN 188 CWIN

CALL SETRAY ( Ke ly WUPTMUI+deK)e WLWTM{TuJdeK) )} CWIN

¢ CWIN
Ceexn SEF IF A TRAJECTORY IS COMPLETEDN CWIN
c CWIN
18R 1F (LASTSN(K) ~ T} 200, 190, 200 CWIN

c CWIN
Coeus TRAJECTORY COMPLETED CWIN
c CWIN
i9D CALL TRAJCM (NRYRAJ(Is JeK) v J » K y» WUPTM(I,J,K)y IDROP , CSENS CHIN

1 s INACTV, LASTSN , NASYC , N8, NP, NDRSTR , NTJSTR, CwIN

2 MSENS , NV s NTRAJC, K v TSHAR o WCAP, W. CWIN

3 NSNS, NSIZ3 , NRTJL , NBRTRK, BEGYME , FINTMF ,. CWIN

PA NCNDY 4, NRTRUK, NPANT, LSTCNV. NSNS+1, NSENSR CWIN

4 WLWTMIT,JeK) o BWWND o NAWARAY ) CWIN

GO TN 220 CWIN

C CWIN
Cosax NAS A VALID STRIP EVER FALLEN IN THE WINDOW ? CWIN
c CWIN
200 IF (NAVLINCE, Js K)) 1020, 210, 220 CwWIN

c CWIN
Cossx NO VALID STRIPS, EXTEND WINNOW, CHIN
C CMIN
2160 13 =1 ¢} CwWIN
TP (K ,EN, 2) I3 = | -1 CVIN

CALL CHKNVLIT3NRTRAJ(ToJoK)y K o Jo FSTTME, PSTTME, 1» Jy LASTSNLCWIN

] [PROP, TSRAR, RAWND, 1IPWND, WILWTH , WHPTM, MNOPENT, CAIN

» NAVLID,NRT2AJ, JB o NEND o NASTC o NPKNT oNRTJUC. CWIN

i) MSNS 4 NSNS41l, NSENSR ] CWIN

r CWIN
Cwxnx [T HAS HAS VALIN STRIPS GO TH NEXT (WPEN WINDOW IF THERE IS ONE CWIN
o CWIN
270 J o= 0o} CWIN
IF (J .GT, NFAD) g = ] CwiN

PR SN U NS

JRONE SO SO .

400
410
420
430
440
450
460
470
&80
490
500
510
%20
530
540
541
542
549
550
560
570
S80
590
591
595
609
610
620
630
640
A50
6A0
670
6H0
690
00
710
712
720
730
Téet!
T35
T60
770
780
7490
aoo
&10
KU
A30
Hal)
Ra42
LL{
R0
AR
R90
Yo



t1F (J - IBtI.K)} 230, 240, 230

C
Gt MORE OPFEN WINDOWS . UPDATE OPEN WINDOW POINTER
- C

230 NOPENT(T4K) = J
GO TO 170
C
Ceerx NO MORE OPEN WINNOWS ON SENSOR .
c
240 NOPENT(].K) = O

910 CONT [MUE
300 COANTINUE
RETURN
c
Coerk ERRNR MESSAGES
(o
1000 WRITE(NPRNT,LI0) 1 LIDROP(Y)
10 FARMAT (15H0=%* ERROR 210 ,2110)
CALL FXIT
1010 WRITE(NPRNT 20) I+ Ko NOPENT(I,K)
20 FORMAT(1S5=0xass ERR(R 220, 3110)
CALL EXIT
1020 WRITE{NPRNT,1021) T+ Jv Ky NAVLID(I4JdeK)
102} FORMAT(i5)0%8% ERQROR 230 ,4110)
CALL EXIT
1 FORMAT( L1H o 12, 3Xe F9.3, 3Xy F9,3, 4Xy 12+ 44X
ENN

13)

CHIN
CWIN
CWIN
CHIN
CWIN
CWIN
CHIN
CWIN
CWIN

910
920
930
940
950
960
970
940
990

CHINLOOO
CWIN1O1D
CWINLOZ0O
CWINL1030D
CWIN104O
CWINL1050
CWINL1OGO
CWIN1OTO
CWINLOAN
CWINLOGO
CWINYI100
CWINL110
CWINL120
CwWIN1022
CHINLOZ24
CWIN1024
CWIN1130
CWINL140




ROUTINE CNTTRY M, RERMAN 9/15/71

THIS RDUTINE JS CALLEN WHEN A TRAJECTNRY IS CONFIRMED, IT

TRAJECTORY

C

;

c NETERMINES IF THE CONFIRMED TRAJECTORY IS IN FACT A CONVOY
C

c

100

110

L L 22

1%0

O OO0 OO0 OO0 O O O

c
Conex

c
200

210

1

1

SUBROUTINE CNTTRY (THCLNS, TMNPEN, Ky BEGTME, FINTME, NRTRUK,
NRCMDT, NSI23 4 LSTCNV )

DIMENSTON REGTME(NSIZ3,2), FINTMEINSI23,2) NRTRUK(NSIZ23, 2},

NRCNDT(1)y LSTCNVI(L)
ORTAIN PNTR TO LAST CONVOY

N = LSTCNVI(K)
IF O A DETECTION WAS MADE PRIOR

IF (N) 400, 200, 90
IS WINDOW HELOW CONVODY STRIP?

90 IF (TMCLOS - REGTME(NVK)) 200, 10D, 100

CNRJ
CNRY
CNRJ
CNRY
CNR Y
CNRY
CNRJ
CNRY
CNRJ
CNRY
CNRJ
CNRY
CNR .}
CNRY
CNRJY
CMRY
CNRJ

NO. IS CONVOY STRIP COMPLETED?CNRY

IF (REGTME(NyK) = FINTME(N,K)) 110, 400 , 150

1S WINDOW ABOVE CONVOY STRIP
IF {TMOPEN ~ FINTME(N,K)} 150, 150, 400

CONVOY IS DETECTED

NRCNDT(NRTRUK(N,K)) = NRCNDTINRTRUKIN:K}) + 1
PERMIT ONLY 1 DETECN/CONVAY

LSTCNVIK) = 0
RETURN

G} TN EXAMINE THE PREVIOUS CONVOY STRIP
N s N-=-]

If (N)220, 210. 220
N = N§SIZ3

220 GN TN 90

ITS A FALSE TRAJECTORY

" 00 RETURN

OERIIG INIT (NRCNNT)
END

CNR J
CNRJ
CNRJ
CNRJ
CNKJ
CNRyY
CNR.)
CNR Y
CNRY
CNRY
CNR J
CNRJ
CNRJ
CNRJ
CNRY
CNRJ
CNRJ
CNRY
CNR J
CNRY
CNR

CNRJ

10
20

40

s0

A0

70

80

90
100
110
120
130
134
134
140
150
160
170
180
190
200
210
220
230
260
250
254
255
260
270
2RO
290
300
310
320
330
340
350

360
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C SUARMITINE GRAPH M., BERMAN 11/11/71 GRAP 10
c GRAP 20
C THIS ROUTINE IS CALLEN (1) WHEN SETTING UP INITAL GRAPH, (11) WHEN GRAP 30
C ANY [iF THE CMRORDINATE ARRAYS FOR NETECTINNS OR FALSE ALARMS ARE GRAP 40
C FILLEN, (1I1) WHEN AN IMPULSE IS LARGFR IN TIME THAN THE CURRENT GRAP 50
€ GRAPHS YiMAX), ) GRAP 60
c GRAP 80
¢ +4+4+ DEFINITIONS FOR GRAPHING +++ GRAP S0
C GRAP? 100
C AFALSX(IDIML) - SENSOR DISTANCE COORDINATE FOR A FALSE ALARM GRAP 110
C GRAP 120
C AFALSY(IDNIML) = TIME COORNINATE FOR A FALSE ARARM GRAP 130
c GRAP 140
C DIRPEX(INIM3) ~ X MONRDINATE OF TRAJ. COMPLETE MARKE?. EASTBOUND TRAJLGRAP 150
C GRAP 160
C NIRPEY(INIM3) ~ TIME COORDINATE OF TRAJ. COMPLETE MARK, EASTBND TRAJ. GRAP 170
c GRAP 180
C DIRPWX(IINDIM3) ~ X COORDINATE OF TRAJ, COMPLETE MARKER. WESTROUND TRAJ.GRAP 190
c GRAP 200
C DIRPWY(INIM3) -~ TIME COORDINATE NF TRAJ. COMPLETE MARK. WESTBND TRAJ. GRAP 210
C GRAP 220
C DISTm - THE MAX, X COORDINATE. NSENSR + 1 - GRAP 230
c GRAP 240
C EASTLX(INIM2) <« SENSOR CODNRD. FOR LOWER WINDUW OF EASTBND TRAJ. GRAP 250
c GRAP 260
C EASTLY(IDIMZ) - TIME CDCRI'e FOR LOWER WINDOW OF EASTBOUND TRAJ. GRAP 270
C GRAP 2AK0
C EASTUX(IDIM2) ~ SENSDR CODRD, FOR UPPER WINDOW OF EASTROUND TRAY GRAP 290
C GRAP 300
C EASTUY(IDIM2) « TIME CODRD. FOR UPPER WINDOW OF EASTROUND TRAJ. GRAP 310
C GRAP 320
C GRMIN «~ YHE USER SPECIFIED MINUTES PER GRAPH, GRAP 330
C GRAP 340
C GRPMIN -~ THE MINIMUM TIME COORD FOR A GRAPH GRAP 350
v GRAP 360
C GRPMAX = THE MAXIMUM TIME CDORD FOR A GRAPH GRAP 370
c GRAP 340
C IDIML - THE DIMENSION OF THE AFALS AND POINT ARRAYS, |SET IN GRAP 330
c | THE MAINGRAP 400
C 101M2 = THE DIMENSION OF THE EAST AND WEST ARRAYS, fRTN, GRAP 410
C GRAP 420
C KAGRAF = USER GRAPH PLOTTING CONTROL. O - NO PLOT. ]| - PLOT GRAP 426
C GRAP 425
C KEAST = COUNTS TRHE ENTRIFES IN THE EAST ARRAYS. GRAP 430
c GRAP 440
C KEASTR = COUNTS THE ENTRIES IN THE DIRPE ARRAYS, GRAP 4450
c . GRAP 460
C KFALSE = COUNTS THE ENTRIES IN THE AFALS ARRAYS GRAP 470
C GRAP &4HO
C KYRKS =~ COUNTS THE ENTRIES IN THE POINT ARRAYS, GRAP 490
C GRAP 500
C KWESTY = COUNTS THE ENTRIES IN THE WEST ARRAYS GRAP 510
C GRAP 520
C KWFSTR - CRUINTS THE ENTRIES IN THE NIKPW ARRAYS GRAP 5340
C GRAP 540
C POINTXCINIRL) = SENSOR CORDINATE UF A DETECTION DR MID~POINT PASSAGE GRAP S50
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C GRAP &80
C POINTY(INIRLIY = TIME COHRDINATE OF A DETECTION DR MID-POINT PASSAGE GRAP 570
c . GRAP 580
C WESTLX(IPIR2} -~ | SEF GRAP 590
b C WESTLYLIDIRZ2) ~ | THE GRAP 600
" C WESTUX{INIRZ2) - | EAST GRAP 610
k- C WESTUY({IDIR2) =~ | DEFINITIONS GRAP 620
k- C GRAP 650
E SUBRNUTINE GRAPH (ISWTCH, TIME,NPRNT) GRAP 660
3 COMMDN/GR2PHS/ DISTR o GRMIN o GRPMAX: GRPMIN, INIML , IDIM2 N
1 KAGRAF, KFAST , KEASTR, KFALSE, KTRKS o+ KWEST , KWESTR
A MDIMI 4, MNIM4 , MEAST o+ MFASTR, MFALSE, MTRKS o MWEST ,
B MWESTR,y WNAIND. NWQUITy KEASTls MEASTLs KWESTLl, MWESTL,
2 Z(200), AFALSX(200)s AFALSY(200)y DIRPEX{ 25)s NIRPEYL 25),
3 DIRPWX( 2514 NIRPWY( 251, EASTLX(150), EASTLY{150),
4 EASTUX{150), EASTUY({1S0), POINTX(200), PQINTY(200),
5 WESTLX(150), WESTLY(150), WESTUX{150)s, YESTUY(150)
L3 2TLIS0) y TAFLSXU1N0), TAFLSY!100), TNRPEX( 15), TOKPEY! 15}
7 TNRAWXL 15). TORPWY( 19), TESTLXL 75), TESTLY( 75),
; 8 TESTYUX( 75), TESTUY( 75)y TPUNTX(100), TPUNTY(100),
B 9 TWSTLXL T5), TWSTLYL 75)y TWSTUX{ 75), TWSTUYL 75)
B c GRAP 670
¥ Coeex IS IT FOR ITIAL GRAPH SETUP DNLY ? GRAP 680
c GRAP 6$0
IF (ISWTCH)Y 100, 10G, &00 GRAP 70C
c GRAP 710
Camax N1 PLOT POINTS GRAP 720
(o CHECK FOR ARRAY ERRORS GRAP 730
100 IF (KWEST = IDIM2} 110, 110, 1000 GRAP 7640
110 IF (KEAST - IDIM2) 120, 120, 1000 GRAP 750
c GRAP 760
CHwxi PLOT TRUCKS FIRST, USING + SIGN. (FNR ACTUAL DATA ALL DETECTIONS GRAP 770
¢ WILL RE IN THIS ARRAY} GRAP 780
120 IF (KTRKS) 140, 140+ 130 GRAP THG
130 CALL SETSMG (2, %5, 0.0) GRAP 790
CALL SETSMG (2. 53, ,75) GRAP 792
CALL SETSMG (Z+ Rby 1H+) GRAP ROO
IF (INODWINDY 137, 136, 137 GRAP HO2
134 CALL ‘SETSMG (24 55, 2.0 ) GRAP - R0
CALL. SETSMG (1. R4, 1M3) GRAP RO6
‘ 137 CALL POINTG (1, KTHKS, POINTY, POINTX) GRAP 810
¢ KTRKS = 0 GRAP A20
(o GRAP 840
Ceasn P OT FALSE ALARMS GRAP RS0
c GRAP RH60
o 140 IF (KFALSE) 160, 160, 150 GRAP RTU
’ 150 CALL SETSMG (I, 55, 2.0) . GRAP 8HO
caLL SETSMA (7, 53, .74%) GRAP 8H2
K CALL SETSMG (7, R4, JH3A) GRAY RO
- CALL POINTG (7, KFALSE. AFALSY, AFALSX) GRAP S00
- KFALSE = O GRAD Y10
N Cxagd DLAT WINOWS GRAP 420
C EAST FIRST = UPPER WIND GRAP 930
160 IF (KEAST) 175, 175. 170 GRAP Ua(
170 CALYL SETSMG 12, S%¢ 1.0} GRAP 950
e Catty, SFTSAG (7, 53, t,%) GRAP 9n 7
I CALL SETSMG (/e Ré&y LHL) GRAP Yo
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CALL PNINTG (2. KFAST, FASTUY, FASTUX) GRAP 9R(

KEAST = 0O GRAP 9R2

c LOWER A INDOW GRAP 990

175 IF [KSAST1) 1R0,1R0,177 GRAP 994

177 CALL SETSMG (Zy R4, 1H)) GRAPINNHY

CALL POINTG (Ze+ KEASTL,EASTLY, EASTLX) GRAPIGLD

KEASTL = O GRAP10Z20

C NOW WEST = UPBER WINDUW GRAP1IN3OD

180 IF (KWEST) 195, 19%, 190 GRAP1040

190 CALL SETSMG (Z. R4y 1HL) GRAP1050

CALL SETSMG (2. 53, 1,5) GRAPLOS2

CALL SETSMG {Z+ 55+ 2.0) GRAPLO6KO

CALL POINTG (2, KWEST, WESTUY, WESTUX) GRAP1OK2

KWEST = 0 GRAP10OT72

195 IF (KWEST1) 200, 200, 197 GRAPLOT4

C LOWER wINDOW GRAP1090

197 CALL SETSHMG (Zs R&y LHD) GRAPLIOU

CALL SETSMG (Zy 55+ 0.0) GRAP1110

CALL POINTG (7. XKWEST1.WESTLY, WESTLX) GRAP1120C

KWEST1 = O GRAP11130

. GRAP1140

Cos2x PLNT TRAJECTURY CONFIRMATON MARKS (<=) GRAP1150

c WEST FIRST GRAP1160

200 IF (KWESTR) 220, 220, 210 GRAP1170

210 CALL SETSMG(Z, 55, 2.0} GRAP113G

"3 CALL, SETSMG (2, 53c 1.5) GRAP1182
= CALY SETSMG(2, R&, 1HZ) GRAPL200
b CALL SETSMG (2, 54, S0.) GRAP1202
CALL POINTGIZy KWESTRy NIRPWYs DIRPWX) GRAP1210

- CALL SETSMG (2, S64 0.) GRAP1212
T KWESTR = 0O GRAP1220
N c EAST NEXT GRAP1230
A 220 IF (KEASTR) 300, 300, 230 GRAR1240
k' 230 CALL SETSMG(Z, 55, 2.0} GRAP1250
3 CaLL SETSMG (Z, 53, 1,5) GRAP1262
e CaLl SETSMG(Ze 54, LHY) GRAP1270
. CALL SETSMG (2s 5S4, 90.) GRAP] 232
CALL PNINTG(Z, KFASTR, DIRPEY, DIRPEX) GRAP 1240

CALL SFTSMG (2. 5S4, O0.) GRAP1272

KEASTR = Q GRAP 1290

: o GRAP130N0
. C*sxe [F TIME EXCEENS YI(MAX) PRINT GRAPH, ADVANCE TD NEXT GRAPH GRAP13 10
N | c GRAP1320
p- : . GRAP1327
y Coees TRANSFER NVERTIMES GRAPLAZA
3 - GRAP1329
300 IF (GRPMAX + GRMIN -~ TIME) 320, 320, 310 GRAP1330

310 1F (NWOUIT) 320, 500, 320 GRAP1372

320 NWCLITT = 0 N GRAP1 334

GRPMIN = GRPMAY GRAP11336

GRPMAX = GHPMAX + GRMIN GRAFP) 33K

CALL PAGEG (7, Dy 1, 1) GRAP1340

CALY, TRNSFR ( MEAST , KFAST ., FASTUX, FASTUY, TESTUX, TKSTUY) GRAP1346

;. CALYL TANSFR { MREAST1. KEASTl, FASTLX, FASTLY, TESTLX, TFSTLY) CRAV 1348
. CALYL TAQNSFR { MUFEST , KWEST , WESTUX. WESTUY, TWSTUX. TWSTIY) LRAAPTASO
: CALY TRNSFR ( MWFSTLl,y KWESTLl, WESTLX, WESTLY, THWSTLX, TWSTLY) GRAP 1A
o CaLy TeMLHE ( MTRKS o KTRKS o BPOINTX, #OINTY, TRONTX. TROHIY) GRAK] 354




CacL
CaLL
catiL

400 CALL

TRNSFR
TANSFR
TRNSFR

SURJEG

R T Y S T P Y T A R IR T R

{ MFALSF, KFALSE, AFALSX., AFALSY,
( MEASTR, XFEASTR, DIRPEX, DIRPEY,
{ MWESTR, KWSSTRy DIRPWX,y DIRPWY,

SETUP NEW

{2, GRPMAX,

Dey GRPMIN,

1.0)

TAFLSX, TAFLSY)
TNRPEX, TNRPEY)
tNRPYX, TORPLY)
GRAPH

410

420
430

500
400

1e0n
1010

CALL NAJCTG (Z+ o1 ol 1.2333, .9)
CALL SETSMG (2, 100, 3,.0)

CALL GRIDG {7y = 54,06 0,0y 04 0)
CALL SETSMG (Z, 14, C.0)

CALL SETSMG (2. 4&, 90.)

J =0
00 410 T = 1, 11
SPEC = GRPMAX — J ®(GRPMAX ~ GRPMIN)}/10.
Jo=yg 1
CALL NUMARG (714 SPECy -.06+ 4.0y SPFC)
X aGRPMIN - GRMIN/100.
D0 420 I = 1, 50
CALL NUMRRG (24 Xy TLIE)y 24 1)
IF (TL(I) GT. .949) GO TO 430
CONTINYE
X = GRPMIN - 3, % GRMIN/100.
CALL LEGNDG (Zs X+ o422y 13, 13HSENSOR NUMBER)
CALYL SETISMG (Zs 464 0.)
X = GRPMAX ~ GRMIN * .4
CALL LEGNDG 124 Xe =o0T7¢1l1l 411HTIME (MIN.))
RETURN
CALL MODESG (Z.0)
GN T0O 400
WRITE(NPRNT,1010)
FORMAT (49HO*=%%% ERROR 117 : DECREASE THE ND. OF MIN./GRAPH )
CALL EXIT
END

GRAP1356
GRAPI3HA
GRAP136¢:
GRAM12T0L
GRAP13HN
GRAP13AG
GRAP 1388
GRAP1392
GRAP1396
GRAPL4OD
GRAP1404
GRAP140A
GRAP1412
GRAPl&416
GRAP1420
GRAP1424
GRAP1428
GRAP1432
GRAP 1436
GRAPL1440O
GRAP 1464
GRAP144]
GRAP1452
GRAP1456

‘GRAP 14560

GRAP 1464
GRAP14T0
GRAP16471
GRAP1472
GRAP1472
GRAP 1474
GRAPL14T6
GRAP14TS

§
§
|
|
|
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C ROUTINE RFAD M. RERMAN 6/14/71 READ
C REAN
[ THIS ROUTINE RFANS THE TIME NF A DETECTION AND THE SENSOR ND, ON READ
¢ WHICH IT OCCURS, FNR DISE WITH THE CONVDY SIMULATOR IT REANS WHEN A READ
I CONVINY STARTS THRU) THE STRING AND WHEN IT LEAVES. 81.S0 THE TIMES READ
[ A CONVDY REGINS AND LFAVES AN QPERATING SENSORS SPHERE NF INFLUENCE . READ
G THESFE ANDITINNAYL READS PERWIT KEEPING STATISTICS ON CONVNOYS AND READ
C TRUE TRAJECTORIES. WHEN THFE PROGRAM IS USED SOLFY AS A LOGIC BOX READ
[ THIS ROUTINE SHOULD ONLY CONTAIN NDETECTION READS. READ
c READ
SURRNUTINE REAN(REGTME, FINTME, NRTRUK, NRCGEN, NSIZ3s NDISK. READ
) NRUNNT, NPRNT o ISENS » TIME o NRRTRK.NTRAJC READ
2 LSTCNV,LASTSNyMWARAY, W, NBy NSENSR, NSNS ) READ
C READ
COMMON/GRAPHS/ DISTR « GRMIN , GRPMAX, GRPMIN, IDIM1l , IDIM2 .
1 KAGRAF, KEAST , KEASTR, KFALSE, KTRKS , KWEST o KWESTR
A MDIM3 , ¥DIMG , WEAST o MEASTR, MFALSE, MTRKS o MWEST
B MWESTR, NOWINDs NWOUIT, KEASTl, MEASTl, KWEST1l, MWESTL,
2 2(200), AFALSX{200), AFALSY{200), DIRPEX( 25), DIRPEY( 25),
3 DIRPUX( 25)s DIRPWUYL 25), EASTLX(150), FASTLY(150),
4 EASTUX(150)+ EASTUY(150), CPOINTX(200), POINTY{200),
5 WESTLX(150)y WESTLY{150)y WESTUX(L150)¢ WESTUY(LHU)
6 oTLISO) 4 TAFLSX{100), TARLSY(L100). TDRPEX( 15)y TDAPEY( 15),
7 TDRPWX{ 15), TORPWY( 15), TESTLX( 75), TESTLY( 75},
8 TESTUX( 7S), TESTUY( T78), TPONTX(100}, TPONTY(100),
Q TUSTLXL 75)s TWSTLY( 78), TWSTUX( 75), TWSTUY( 75)
DIMENSTIUON REGTME(NSIZ342)y FINTMEINSTZ3, 2)y NRTRUK(NSTIZ3., 2), READ
1 NRCGENI(]1) v NRCNDT(1) +LASTSN{1) LLSTCNVI1), W(LIREAD
C READ
c EACH RECORN CONTAIMS S WORDS: READ
c WORD 1| = TIME READ
c WORN 2 = (A)SENSIIR NO, OR (B) NO. NOF TRUCKS IN THE CONVOY READ
c WORD 3 - CODE READ
C 1 = CONVOY STARTS THRU SENSDR FIELD READ
C 2 = CONVDY COMPLETES SENSOR FIELD READ
[ 3 = FALSE ALARM DETECTION READ
c & - MID=-PAINT PASS (FIRST TRUCK) READ
c 5§ = MID~POINT PASS (LAST TRUCK) READ
C & ~ TRUCK DETECTINM READ
[ T ~ FIRST TRUCK STARTS THRU A SENSOUR READ
Cc R = LAST TRUCK LEAVES A SENSOR READ
C 9 = INNDICATES ENN OF FILE READ
c WORD 4 = CONVOY NIRECTION READ
c WORD 5 -~ CONVOY NUMRER READ
C READ
90 READINDISK) TIME, I1SENS, ICONE, Ke NRCNV READ
GO 10O (400, 500, 200, 300, 300, 100, 600, 700, 9003+ ICODE READ
C READ
Cesax NNRMAIL, TRUCK DETECTION READ
c READ
100 IF (KAGRAF .EN. O ) RETURN READ
[ GRAPH DETECTION READ
IF (NWOUIT) 1IN0, 103, 105 READ
103 iF (GRPMAX + GRMIN ~ TIME) 105, 105, 110 READ
105 ASSIGN 120 TO IRET READ
GN TH ’a0n READN

SURTUNTRLT ¥ UR A Re e

10
20
30
40
50

70
80

100
110
120
122
130

140
150
160
170
180
190
2Q0
210
220
230
240
250
260
270
280
290
300
310
320
330

‘340

350
360
370
378
3A0
381
3a}
342
3A3

e b A i i

T IR AT IR AT T R




105

1F (KTRKS = INIM1) 120+ 105,

120 IF (TIME (GE. GREMAX) GN T 125
KTRKS = KTRKS + 1
POINTX(KTRKS) = TL{ISENS)
POINTY(KTRKS) = TIME
RETURN

125 MTRKS = MTRXS + 1
TPONTX(MTRAKS) = TL(ISENS)
TPANTY {MTRKS) = TIME
IF (MTRKS oGE. MDIM3) NWOUIT = 5
RETIRN

c
Cokux FALSE ALARM ETECTION
(o

200 1F (KAGRAF L,EQ. O ) REYURN

C GRAPH DETECTION
IF (NWOUIT) 205, 203, 205
203 IF (GRPMAX + GRMIN < TIME) 205,205, 210
205 ASSIGN 220 TO IRET
60 TO 800
o110 IF (KFALSE - INDIM)) 220, 205, 205
220 iF (TIME .GE. GRPMAX) GO TO 225
KFALSE = KFALSE + 1
AFALSX(KFALSE) = TL(ISENS)
AFALSY{(KFALSE) = TIME
RETURN
225 MFALSE = MFALSFE + 1
TAFLSX(MFALSE) = TL(ISENS)
TAFLSY(MFALSE) = TIME
IF (MFALSE .GE. MDIM3INWOUIT = 6
RETURN
Cc
Cowex MIN POINT PASS
(4
300 IFLIKAGRAF FO, N) ,0R, (NOWIND LEQ. O)) GO YO 90
c GRAPH MIN=POINT
IF (NWOUIT) 305, 303, 305
303 If (GRPMAX + GRMIN - TIME) 30%, 30%, 310 READ 4R2
305 ASSIGN 320 TO IRET READ 4AR4
600 TO ROO READ 486
310 IF (KTRLS = IDIMLY) 320, 305, 305 READ 4RR
320 IF (K = 2*) 330, 3405 330 READ 491
330 RSENSR s TL(ISENS) + .01 READ 492
60 T0D 350 READ 494
340 RSENSR = TL(ISENS) - .01 READ 495
350 IF (TIME ,GE. GRPMAX) GO TO 370 READ 496
KTRKS = KYRKS + 1 READ 496
POINTXIKITRKS) = RSENSR READ 497
POINTY(KTRKS) = TIMFE READ 49R
6N TN 90 READ 499
370 MTRKS = MTRKS + 1 REAY 49A
TPONTX(MTRKS) = RSENSR READ 49K
TPONTY(MTRKS) = TIME READ 49C
IF (MTRKS .GE, MDIM3I) NWOULIT = 7 REAN 490
GD TN 90 READ 4YF

READ &S00
k% CONYVOY ENTEQS THE STRING READ 510

3 n]




O

400

[2 2N o ]

410

$20
c
Comnn

500

Crmon
800
¢10

620
630

Coane
C
T00
710
720
730

Casen

200

Ceaen
900
910
918

1

920 CALL SUMRY(NRTRUK, NRCREN, NS1Z3, NRCNNDT. NPRNT, NBRTRK, NTHAJC,
1

(4
Cranse

C
1000

1001

1

SRR R Mg A0

96

WRITE(NPRNT 1) NRCNV, Ky TIME, [SFNS

INCR. CNVS GENERATED

NRCGENL TSENS) = NRCGEN{ISENS) + )

NBR. TRUCKS IN CONV

N = mODINRCMV, NST123)
iF (N) 1000, 410, 420
N = NSTZ23
NRTRUIK{NsK) = ISENS
GO TO 90

CONVOY LFAVES STRING

WRITE(NPRNT,1) NRCNV, K, TIME
60 TO 90

CONVOY STARTS THRU A SENSOR
IS 1T THE LAST SENSOR
IF (ISENS — LASTSN(K))90, 610, 90
YES. STORE BEGIN TIME
N = MON{NRCNV, NSIZ23)
IF (N} 1N00, 620, 630
N = NSIZ3
BREGTME(N.K) = TIME

UPDTE LAST CNVY POINTER

LSTCNVIK) = N
G0 T0 90

CONVOY COMPLETES 2 SENSOR
IS 17 THE LAST SENSOR

IF (1SENS - LASTSN(K)) 90, 710, 90

N = MODINRCNV, N$I123)
IF (N} 1000, 720, 730

N = NSIZ3
FINTME(N,K} = TINE
60 7O 90

PLOT POINTS IF USER PERMITS

CALL GRAPH (D » TIME, NPRNT)
60 TO [RFT, (120, 220, 320)

SIMILATION COMPLETE

IF (KAGRAF) 910, 920, 910

1F (TIME .GT. GAPMAX) MWOUIT = 10

CALL GRAPH {0, TIME, NPRNT)

KADD = KEAST + KEASTR + KFALSE + KTRKS + KWEST + KWESTR
+ KFASTL + KWFST1

IF (KADD 6T, 0 ) 6O TO 915

CALL EXITG(Z)

w o NR + NSENSR , NSNS o+ NWARAY
MESSAGES £ FIRMATS

WRITE(NPRNT, 1001) N. NRCNV, TIHE

FIMuaAT(14HNER E4Q0K 3IND , 2110, FY,3)

CALL FX1T

FNRMAT(IH o AOX, 16, 5X, 12+ 3X, F9,3, 3X, I3 )
END

READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
KEAD
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
KEAD
READ
READ
READ
READ
READ

READ
RE AN
READ

520
530
540
550
560
570
LT
590
600
630
640

.650

660
670
680D
490
700
T10
720
730
740
150
160
770
172
174
TR0
790
800
R10
R20
A30
R4
850
R60
870
871
R72
873
ate
RTH
8RO
890
900
902
904
9né
907
207
907
90R
910
920
930
940
950
L LTy

970
QRO
990

READ10OO




LNl
o e, TR

o, 1T K e BTN
SN IR A MR RV

~97-

wea SIMROUTINF SETRAYV 23 NOV 1971

THIS ROUTINE IS UHSED TO SET THE ARRAYS FNR PRINTING WINDOWS,

a0 N

SURRDUTINE SETRAY (Ky To WUPTM, WLWTM )
CUMMON/GRAPHS/ DISTR 4 GRMIN . GRPMAXe GRPMIN, [DIML o IDIM2 )
KAGRAF, KEAST , KEASTR, KFALSE., KTRKS o KWEST , KWESTR
MDIM3 , MDIME o, MEAST 4 MEASTR, MFALSEs MTRKS o MWEST
MWESTR, NOWIND, NWOUIT, KEASTY, MEAST]1, KWEST1, MWEST],
14200). AFALSX(200), AFALSY{200), DIRPEX{ 2%5)s NIRPEY( 25),
DIRPWXE 26), NIRPWYL 25), EASTLX{150), EASTLY(150),
EASTUX(150) FASTUY(150), POINTX(200), FOINTY(200),
WESTLX(150), WESTLY{150), WESTUX(150), WESTUY(150)
+TLISO) TAFLSX(100), TAFLSY(100)s TNRPEX( 15), TORPEY( 15},
TORPWX{ 18), TDAPWY( 15), TESTLX( 75)s TESTLY( 75),
TESTUX( T75)s TESTUY!( 75), TPUNTX(100), TPONTY{100),
THSTLXL 75)e TWSTLY( 751}, TWSTUX{ T5)y TWSTUY( 75)

VDN RPWNT D>

1F (K - 2) 20, BO, 20
C WESTHOUND
20 IF (WUPTM. ,GE. GRPMAX) GO TO 30
KWEST = KWFEST + |
WESTUXIRWEST) = TL{T)
WESTUY(KWFST) = WUPTM
25 1F (MLMWTM GE. GRPMAX) GO TO 40
KHEST] = KWEST1 + 1
WESTLX(KWFESTL) = TLI(IT)
WESTLYIKWEST]1) = WLWTM
RETURN
30 MWEST = MWESY + 1
TWSTUX {MWEST)Y = TL(T)
TWUSTUY (MWEST) = WUPTM
IF (MMEST .GE. (MDIM& =~ S5)) NWQUIT=]
GO TO 25
40 MWEST] = MWEST] + 1}
TWSTULX(MWESTY) = TLI(I)
TWSTLYUMWESTL) = WLWTM
IF (MWESTY GE, (MNIMG ~ S)) NWQUIT=2
RETURN
(4 EASTBOUND
80 IF (WUHPTM ,GE. GRPMAX) GO TO 90
KEAST = XKEAST + )
EASTUX(KEAST) = TLI(1)
EASTUYIKFAST) = WUPTM
8% IF (WLWTM .GE. GRPMAX) GO TN 100
KEAST] = KFASTI + 1
EASTLX{KEASTL) = TL(Y)

EASTLY(KFASTL) = WLWTM
RETURN
90 MEAST = MEAST + )

TESTUX(MEAST) = TL(I)
TESTUY (MEAST) = WUPT™
1F (MEAST ,GE. (MDIM4 « S3) NWOU[T=3
6 TO A%
100 MEAST1 = MFAST] + 1
TESTLXIMEASTI)e TLITY

TESTLY(MEAST] )= WLWTM

IF (MEAST] LGE, (MDIM& ~ §)) NWOQUIT=&
RETURN

END

SRAY
SRAY
SRAY
SRAY
SRAY

SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY
SRAY

SRAY
SRAY
SRAY
SRAY

10
20

&0
50

70
80

100
110
120
130
140
150
160
170
180
190
200
210
212
220
230
260
250
252
260
270
2RO
290
300
210
320
330
340
350
3In0
LY ]
30
AN
L UM
00
Wl
20

430
“32
640
450
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C SuUMaY RINTINE M. BERMAN 9/27/71 suMy 10
C SuMyY 20
SURRONTIME SUMRY (NRTRUK, NRCGEM, NSTI23 4 NRCNDT, NPRMT , NBRTRK, SUMY 30
1 NTRAJCy W e+ NH s NSENSR, NSNS . SUMY 32
2 NWARAY ySUMY 33
c SUMY 40
COMMON/XTRAZ TIMUNDISO), TIMFINISO). WPRIME(L5,15C), FCTSEN, RHO
1 s NALLOO) LJVALMNLLI00), JASTMNL100)
QIMENSION MRTRUK(NS123.2)y NRCGEN(1)s NRCNDT(1), W(NSNS.NWARAY) , SUMY 50
1 SUMX (5N}, SUMXX{50), AVGN{50) , STD(50) SUMY 40
c suMY 70
Ceskx DETECTIOM STATISTICS SUmMY 80
c SUMY 90
WRITE(NPRNT,1) SUMY 100
ITNTL = O Styiay 110
1T0T2 = 0O SUMY 120
DO 20 | = 1, NRRTRK SuMy 130
10 1ITATL = ITOT1 + NRCGENC(I) SUMY 150
ITNT2 = 1TOV2 + NRCNDTIID) SUMY 160
20 WRITEINPRNT,2) 1, NRCGEN(TI)s NRCANDTI(I1) SUMY 170
c TOTALS SUMY 180
30 WRITE(NPRNT,3) ITOT1, ITOT2 SUMY 190
c SUMY 200
IPHANT = NTRAJC ~ ITOT2 SUMY 210 i
WRITE(NPRNT, &) IPHANT, NTRAJC SuMy 220 i
ISET = 1 SUMY 234 {
GN TO 34 SUMY 234
c SUMY 230
Censs PRINT WEIGHT ARRAY AND GET MEAN AND VARIANCE FNR EACH SENSOR SUMY 240
c SUMY 250
32 ISET = O SUMR 252
WRITE (MPRNT,9) SUMY 253
34 D0 35 1 = 1, NSENSR SUMY 254
SUMXIT) = 0.0 SUMY 256
35 SUMXX(TI) = 0.0 SuUMY 258
NT = ) SUMY 260
NP = 15 SuMy 270
40 IF (NP ,GT. NSENSR) MP = NSENSR SUMY 280
WRITE(MPRNT,5) (1, [ = NT, NP ) SUMY 290
JOIM s NTRAJC/NB SUMY 300
0N &0 J = 1, IDIM SuMY 310
WRITE(NPRNT &) Jytr(T4d)s 1 & NT , NP } SUMY 320
NN A0 1 = NT, NP SUMY 330
SHMXLT) = SUMX(T) + W(1,J) SUMY 340
SUMXXET) = SUMXXITI) & Willsd) ® W{l,d) SUMY 350
60 Wiled) = WPRIME(],J) SUMY 355
c CALCULATE MEAN AND VAR SUMY 360
DO 70 | = NT, NP SUMY 370
AVRN(T) = SUuMX(1)1/7JDIM SyMy 38R0
70 STNIL) sl JDIMASSUMXXIT) )= (SUMX(T)SSUMX{T) )/ SUMY 390
1 (JOIMR(YNIM- 1) }) & 5 SUMY 400
WRITE(NPRNT, T) (AVGNIK), K = NT, NP ) SUNY 410
WRITE(NPRNT, A) (STNIL)y L = NT, NP) SUMY 414
c SUMY 420
IF { NP L GE, NSENSR) 6N TD RO SUMY &30
“NT = NP & 1 SUMY &40
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NP = NP + 16§ Stiky
GO TN 4n ) Sumy
RO IF {ISET LEOQ. 1) GO TOD 32 SuMy
WRITEINPRNT11) Sumy
[ TEMPNRARY FOR PRINTING AVERAGE ASTI'S & VALID
WRITE(NPRINT,12)
MY 92 1 = 1, NSENSR
AVGAST = FLNDATUJASTMM{T ) ) /FLOATIJDIMY
AVGVAL = FLOATIJVALMN(T))/FLOAT(JDIN)
92 WRITE(NPRNT,14) I, AVGVAL, AVGAST
CALL EXIT : SuMY
100 RETURN SUMY
1 FORMAT (1M1, 20X, 32H2x% CONVOY NETECTION SUMMARY &% // 15X, SUmMyY
1 LIHCOANVOY SIZE, 44X, 13HNO. GENERATEN, &X SUMY
2 128NN, DETECTED/Z) SUMY
2 FORMAT{20X%, I3,y 12Xy 14, 13X, 14) SUMY
3 FOQMAT(12X, AHTOTALS s 14X, IS, 12Xy 15) StuMY
4 FORMATILHO, 12X, 15HPHANTOIM TRAY = o [3,19H TOTAL CONFIRMED = , 16)SUMY
S FORMAT(1H1,53X, 3THRsx SENSOR WEIGHTS BY TIME PERIQD ##x%// SUMY
1 12H TIME PERIND, 56Xs GHSENSOR/ 15X, 15(12¢5X)//7) Sumy
& FORMAT( SX,13, aXy 15(F5.3¢2X") SUMY
T FORMAT( AMOMFAN ¢ o 46X, 15(Fb.be1X)) SUMY
A FORKAT(11M0STN NEV ¢t 41Xy 1S5(F6.uylX)) SuUmy
9 FNAMAT (1HO, 20X, 32H(THRESE WEIGHTS ARE NOT SMONTHED)) SUMY
11 FORMAT (1H0, 20X, 2BH(THESE WEIGHTS ARE SMOOTHED) } SuUMY
13 FONMAT(LIHL *SENSORY, 2X,"AVG.VALIDS'y 2Xs YAVG.ASTIS?'/Z/) SumMy
16 FORMAT! 3X+13+3XeF10.3,2X4F10,3) Sty
END SUMY
SESETg— e T i
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450
&R0
464
465

468
4«70
440

49Q

500
510
520
530
$44)
550
560
ST0
580
5”4
584
SKS
586
590
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C AWTINF TRAJCM M, RERMAN Q/16/71 TRAY
C TRAY
c THIS ROUTINE 7S CALLEN WHEN A CONJECTUREN TRAJECTORY IS CLOSED TN TRAY
c SEE 1F IT S CONFIWMEN, [F 1T IS THEN wE CHECK TN SEE §F SNOUGH ALY W]
C CONFIRMATI(INS HAVE HERN MADE T CALCULATE MEW WEIGHTS (A NEW TIME TRAY
- PERIND 1S STARTED) ., WHEN WEIGHTS ARE CUMPUTED ANY HYPN-ACTIVE TRA
c SENSOR IS XEMOVEN FROM THE S TRING, TRAJ
c TRAY
SUBRMNUTINE TRAJCMINRTY o MRCEL + K v TIME o INDROP o CSENS o TRA
1 INACTVy LASTSM. NASTCs NB +MD, NDRSTRs NTJUSTR, TRAJ
2 MSENS . NV + NTRAJC, R + TSHAR » WCALP + THAJY
3 We NSNS » NSIZ3 , NRTJC +NRRTRKs BEGTME, FIMTME, TRA.
4 NCNDY 4 NRTRUK, NPRMT LLSTCNV, NSN + NSENSR.F,TRAY
5 TVYEL o NWARAY ) TRAY
c TRAJ
¢ NRTJ = TRAJECTORY NUMRER TRAJ
C NRCEL~ TRAJFCTORY CFLL N0, TRAY
c TIME = TIME nF TRAJECTORY CLOSURE TRAY
c TRAY
C TRAY
COMMON/XTRA/ TIMUNO(SO), TIMFIN(S0), WPRIME{15,150), PCTSEN. RHO
s NALLOOY LJVALMN{L100), JASTUN(100)
COMMON/GRAPHS/ NESTR + GRMIN s GRPMAX, GRPMIM, IDIM1 » IDIM2 ’
1 KAGRAF, KEAST , KEASTR, KFALSE, KTRKS , KWEST , KWESTR
A MDIM3 , MDIM& 4 MEAST , MEASTR, MFALSE, MTRKS , MWEST
8 MWESTR s NOWINDY NMOUTTe KEASTly MEASTL, KWEST1l, MWEST1,
2 20200}, AFALSX{200), AFALSY(200), DIKPEX( 25}, DIRPEY( 25),
3 NIRPYX{ 25), DIRPWY( 25), EASTLX{150), EASTLY(150),
4 EASTUX(150), SASTUY(150)y POINTX(200)e POINTY(200),
5 WESTLX({150), WESTLY(150)s WESTUX{150), WESTUY(150).
é TLIS50) «TAFLSX(100), TAFLSY(100), TDRPEX{ 15), TODRPEY( 15),
7 TORPWX( 15)y THRPWY( 15), TESTLX( 75), TESTLY( 75),
A TESTUX{ 75), TESTUY( 75)y TPOMTX(100)s TPONTY(100),
9 TWSTLX L 76)y TWSTLY( 75), TWSTUX( 75), TWSTUY( 75)
DIMENSION  NASTC(NRTJICs 24 NSNS, NTJSTR{1)s NDRSTR(1), TRAJ
1 LASTSN(Y) NVI1)y R(1)e INACTVIL)y IDROUP(1)TRAY
2 v TSRARI(NSH,2), BEGTME(1l)y, FINTME(Ll)s NONDT(L). TRA Y
3 NRTRUK{1)s LSTCNVI{L) o TVELINSNG2,2) s w({NSNS NWARAY) TRAY
C TRAJ
MDRIND = O TRAJ
NAS = O TRAY
AW = 0.0 TRAJ
N2 = (NTRAJC + NR)/NB TRAJ
c TRAY
2‘*** COUNT AND WEIGHT THE ADMISSARLE STRIPS [N THE TRAJECTORY TRAJ
TRAY
N 100 1 = 1, NSENSR . TRAJ
. ADMSRLE STRIPS TRAY
NAS = NAS + NASTCINRTJ.K,1) TRAJ
c WEIGHT NF STRIPS TRA.|
100 AW = AW ¢ NASTCUINRT),Ke1) * WPRIME(I,MN2) TRAJ
c TRAL
C - TRA Y
g-uv- NO WEIGHTS AND NIty NF STRIPS CINFIRM A TRAJECTORY 7 TRAY
TRAJ
IF (8AS < mSENS) 170, 110. 110 1RA)

110 IF (AW ~ whAP) 1720, 200, 200 TRAS

10
20
3N
&0
80
60
70
a0
9n
100

110

120
130
134
14n
150
160
170
140
190

200
210
220
227
230
240
250
260
264
270
260
290
300
310
320
330
3460
350
K0
370
IHN
390
00




120
(o

faaks

C
200

205

220
210

c

Covnn
.

225

2217

230

232

270
c
CHeex
c

c
Cress

3ng

310
¢

340

370

340

AT
N
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RFETURN

TRAJECTORY COANFIRMED

NTRAIC = NTRAYC + 1
N = MININTRAIC NR)
1F (n) 220, 205. 220
N = NH
SUM ADM STRIPS CONTRIMBUTED
DO 210 ! = 1 , NSENSK
NACT) = NALT) & NASTCINARTUWK.I)
WRITE(NPRNT, 1) TIMEy Ko LASTSN{K)
SET GRAPH NUTPUT
0} OR, (NOWIND .EQ. 0OV ) GO TO 280
IF (K = 2) 225, 230, 225
IF (TIME GE. GRPMAX) GO TO 227
KWESTR = KWESTR + ]
DIRPHI(KWESTR) = ,975
DIRPWY(KWESTR) = TIME
. 60 TD 280
MWESTR = MWESTR
TORPWX(MWESTR) = ,975
TOIPWY (MWESTR) = TIME
6N T 280
IF (TIMC oGE. GRPMAX)
KEASTR = KEASTR
DIRPEX(KEASTR) = ,025
NIRPEY{KEASTR) = TIME
GO TN 280
MEASTR = MEASTR
TNRPEX(MEASTR]) = ,025
TNRPEY(MEASTR) = TIME
CALL CNTTRUITIME 4 F : ’
1 NSTIZ3 4 LSTCNV

IF ( (KAGRAF LEQ.

+ 1

6N TO 232
+ 1

+ 1

K + REGTME,

HAVE B TRAJECTNRIES REEN CONFIRMED ?

IF (M - NB) 120, 300, 300

YES! TIME PERION |S COMPLETED, COMPUTE NEW WEIGHTS.

SUMR = 0,0
N2 = N2 + |
1F (N2 .6GT. NWARAY) GO TN 1080
WRITEINPRNT45) (NV(J)y J=1 NSENSR)
WRITEINPRNT A} (NA(J)y J=) ,NSENSR)
N 390 1 = 1, NSENSR

R T RV T T VAT T

FINTME, NRYRUK.

NCNDTe.
)

TRAY
TRAG
TRAY
TRAJ
TRAJ
TRAY
TRAY
TRAY
TRAY
TRAY
TRAY
TRAJ
TRAJ
TRAJ
TRAY
TRAJ
TRAY
TRAJ
TRAY
TRAY
TRAJ
TRAJ
TRAJ
TRAY
TRAY
TRAJ
TRAJ
TRAJ
TRAY
1RAJ
TRA.
TRAY
TRAJ
TRA
TRAY
TRAJ
TRAY
TRAJ
TRAY
TRAJ
TRAJ
TRAJ
TRA .}
THaY
TRAJ
TRAY
TRAJ
TRA Y
RAY

RATIN ADM STRPS TO VALIDTRAJ

1IF (NV(I)) 370, 360, 370
R{i) = 0.0
6N TO 3RO
R(I) & AMAXL(O,FLOATINACI) )2 (AMINLILos(las({FLOATINGL(I))/
IFLOAT(MRA) )%e2)=(FLNATINVIII)/FLOAT(4ANR) ) ) ) ) )

ZER(D VALIN STRIP CNTR.

JVALMNIT) = JVALMNGT) + ANV(T)

TRAJ
TRAY
TRAY
TRAJ

TRay
LYW

410
420
430
440
442
&b 3
443
445
460
470
4R0
530
531
532
533
533
534
535
536
537
53R
539
53A
53K
53(
530
53k
53F
536
53M
531
53J
53K
530
540
550
860
570
580
590
600
610
620
630
634
A36
637
63K
&on
120
122
T24%
T26
730

760
Th?




PRt Sy

A

b
.
RS

as0n

c
Cunan

4

398

400

410

490
500
550

Comun
£00
€05
&10
700

710

730

T40

750
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JASTEMEY) = (JASTMNLULY + MACTD) TRAJ 744
NVETY = 0O TRAS 740
NA(T) = O TRAY TH5%
SUMR = SHMR + R{T) TRAY 760
TRAJ 770
USING R K SU” OF R CALCULATE WEIGHTS FOR THE NEW TIME PERIOD TRAJ 780
TRAJ 790
nh 00 1 = 1., NSEMSR TRAS ROO
WIT4N2) = R{T)/SUMR TRAY A10
WPRIME(T NZ2) = (1 =RHO) 2 W({I,N2) + RHN &® WPRIME(I,(NZ2~=1)) TRAJ 818
1S WwT, BELOW MINIMUMS 2 TRAJ R20
IF (INROP({T)) 1030, 398, SO0 TRAJ 822
IF (WPRIME(Y,N2) -~ CSENS) 400, 400, 490 TRAJ 830
YES! INCR. CNTR, TRAJ 840
INACTV(I) = INAGCTV(I) + 1 TRAJ 850
MORE THAM O PERIODS ? TRAJ BR6D
IF (INACTV(I) - ND) 500, 410, 500 TRAY BT0
YES! REMOVE SENSOR 1 TRAJ BAO
IDROP(T) = 1 TRAJ 890
WRITE(NPRNT,3) TRAJ 894
NDRIND = ) TRAJ 90O
GO TN 500 TRAJ 910
NO! ZERQO INACTIVE CNTR. TRAJ 920
INACTY(TI) = O TRAJ 930
CONY TNUE TRAJ 940
60 10 550 TRAJY 941
WRITE(NPRNT,2) ( WwilsN2), I= 14 NSENSR) TRAS 944
WRITE(NPRINT«4) (WPRIME(T,N2) o I = 1,NSENSR) TRAJ 945
TRAJS 950
IF A SENSOR WwAS DRNPPED UPDATE THE SENSDR STRING TRAJ 960
TRAY 970
1F (NDRIND) 120, 120, 600 TRAJ 98D
LIVSNS = 1} TRAJ 990
KL = LASTSN{1) TRAJLOOND
NL = LASTSNI(2) TRAJ1010
. {A) DO WESTROUND UPDT FIRST TRAJLINO2D
1F (IDROPINL)) 1030, 700, 610 TRAJ1040
THE FIRST SENSOR IS GONETRAJL040
LASTSN{2) = NL + 1 TRAJLOH%D
GO TN £05 TRAJL1060
CHECK MID SFENSORS TRAJ10OT70
NL = ML o+ 1 TRAJ10HO
IF (IDROPIMNL)) 1030, 730, 710 TRAJLO90
UPNATE TIME BTWN SENSORSTRAJLILOD
TSHARINL+)s1) s TSRAQINL+L,1) + TSHARINL,1) TRAJLI110
TVELINL*1s191) = TVELIMLAL,101) + TVEL(NL,1,1) TRAJYILL12
TVRLINL+1,142) = TVELINL+1,1,2) + TVEL{NL,]1,2) TRAJI114
TVELINL,101) = 0,0 TRAJIL16
TVELINLs1,42) = 0.0 TRAJI11A
TSRARINL,1) = 0.0 . TRAILIL?0
G0 Th 740 TRAJLLBO
LASTSNMI1) = NL TRAJI140
LIVSNS = LJVSNS + 1 TRAJLLHO
SFE IF THRU THE STRING  TRANLLAG
1F (M - kL) 700, 750, 750 Twagllvn
OUIT IF TvN FEW SENSNRS TRAIILI#N
MSENS = DLCTSEN & LIVUNS TRAJ]LIM?

iz e

44
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IF (MSENS = 2) 1070, ROO, 800 TRAJ1190

o (R) DN EASTHNOUND DIRECTION  TRAJL200

ANN Bl = LASTSNIL) _ TRAJLI210

KL = LASTSN(2) TRaJle2n

RS NL = ONL - TRAJ1230

1F (IDROPINLY) LO30, A30, ALD TRAJ1240

c UPDATE TIME STwh SENSORSTRAJLZ250

810 TSRAR(NL=1, 2) = TSRAR(NL=1,2) + TSBAR(NL.2) TRAJ1260

TVEL (NL=142¢1) = TVELINL=14241) + TVEL(ML,2,1) TRAJL262

TVEL(NL=142+2) = TVEL(NL=1+242) + TVEL{NLs2+2} TRAJL264

TVELINLs2¢2) = 0.0 TRAJ1I268

TVEL(NLy2+1) = 0.0 TRAJL266

TSRAR(NL ¢2) = 0.0 TRAJ12T70

R30 IF (NL - KL) 120, 120+ 805 TRAJL2HO

¢ TRAJ1290

cauax MESSAGES AMD FORMATS TRAJ1300

o TRAJLILO

1030 WRITE(NPAMT,1031) IDROP(NL), NL o KL TRAJ1350

g 1031 FOAMAT(15H0*%% ERRNOR 410 , 3110) TRAYL360

9 caLL EXIV TRAJL370

g 1070 WRITE(MPRMT,1071) MSENS, LIVSNS, (INRAP(I)s 1 = 1, NSENSR) TRAJL3HO

4 1071 FORMAT(21HOTHERE ARE LESS THAN , I3, 23H SENSURS [N THE STRING., TRAJ1390

o 1 114 THERE ARE , [3/1H0,(40(12,1%)) ) TRAJ1400

E CALL EXIT TRAJL41D
- 1080 WRITE{WPRNT, 1081) N2, NWAKAY TRAJ1412 ¥
.;‘i 1001 FNRMAT(15HN*Nx ERRNR 413 4, 216) TRAJL1&13 2]
E CALL EXIT TRAJ1414 P

g 1 FORMATIZOMOTRAJ, COMFIRMED AT , FR.3, 6H DIR. o 12, HH SENSDR ,13)TRA&JL420

k. 2 ENRMAT( 19H THE UPDATED will) :,2X, 15F6.3/(21X,15F6.3}) TRAJL422

3 FNIMAT(28HORFMOVED HYPDACTIVE SEMSOR o 13) TRAJL427

4 FORMAT( 19H THE WRRIM: (1) 242X, 19F6,3/(21X,15F6,3)) TRAJ142K

’ & FORMAT(TH VALINS2X 2N14/ (9%,2014)) TRAJ1429

S & FRRMAT(TH ASTI'S+2X 2014/ (9X,2014)} TRAJ1429

- 8 END TRAJ1430

]
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[ SURRMUTINE TRANSFER 23 NOV 71 TRNS 10
[ TRNS 20
« TRANSFER THE OVERYIMES Tl THE PRIMARY GRAPHING ARRAYS TRNS 30
¢ TRNS 40
b Ml ~ TWHF NUMRER OF OVFRTIMES IN THF ARRAY TRNS 50
C M2 = THE COUNTER OF THE PRIMARY GRAPHING ARRAY TRNS 60
G E(l) ~ THE FAST GRAPHING ARRAY TRNS 70
C Wl{Tl) « THE WFST GRAPMING ARRAY TRNS A0
C TE(I) = THE EAST OVFRTIME ARRAY TRNS® 90
C TWil) ~ THE WEST NVERTIME ARRAY TRNS 100
C TRNS 110
SURROUTINE TRMNSFR (M1, M2, Eo+ Wy TE, TW) TRNMS 120
A TRNS 130
DIMENSTION E(1)e Wil)s TE{L), TW(l) TRNS 140
C TRNS 150
1F (MY) 10. 100, 1C TRNS 160
10 Ny 20 1 = 1, M) TRNS 170
M2 = M2 + 1 TRANS 18n
E(M2) = TE(L) TRNS 190
20 WiM2) = TW(l) TRNS 200
M1 = O TRNS 210
c TRNS 220
100 RETURN TRNS 230
END TRNS 240
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Cutn
C
100
1

&

2

Cunnn

Cress

105

c
Crem
Cc
110
112

c
Creux

c

115

1
2
3
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[ TINE VALINS M, KERMAN 10 SERT 71 vaLn
C VaLD
c THIS ROUTIMNE CHECKS EACH NETECTION AS 1T ARRIVES TO SEF [F IT VALD
¢ SHIMILD BE ADDEN TN A VALID STRIP, IF HNT IT CHECKS TD SFE IF ANY vaLn
c CURRENT OPFN WINDUWS SHOULD BE CLNSED. IF A vaLlD STRIP IS VALD
c CAMPLETED 1T 1S CHFCKED FOR ADMISSARILITY AFTER WINDOWS OM ALL OTHERVALD
C SENSVRS ARFE CHECKED FOR CLOSHRE. VALD
C VALD
SURRNUTINF VALINS(INROP, IKTRAJ, INACTVe LASTSNes RWWNDy NAVLID, VALD
NASTC, NDRSTR, NDETEC, NOPENT, MRTRAJe NFWSTR, VALD

MYy Ry TMEFST, TMELST, TSHAR o UPWND o W . vALD

WLNTM, WUPTM o BEGTME, FINTME, NRGEN , VALD

MCNDTs NRTRUK, NRTJC « NHRTRK, NEND o NSIZ3 , VaLnD

NSNS o RETA , IWCNT , NSENSR, MSENS , CSENS 4 VALD

ND s NBR s NTRAJC, LSTCNV o NDISK 4 NPRNT - VALD

JSR s TMESR, 'NWARAY ) VALD

) VALD

NIMENSTIGN  IRROP(1), NDETEC() ), TMEFST(1l)es TMELST!1), NV(1) , VALD
IKTRAJ(Y1)s INACTV(L; s LASTSN(1)y, BWUNN{L), NAVLID(1), VA&LD

NASTC(L)y MORSTRIL), NOPFT(L), MRTRAJ(L), NTYSTR(1)y VALD

R{1)e TSHAR(1), WPWAND(Ll)y W{l)s WLWTMI])y WUPTH4(1), VALD

I8(1)y REGTME(Y1)y FINTME{L), NRGEN(L)NONDT(1), JALD

NRTRUK{L)y LSTCNV(1)s JSRI(1) » TMESR (1) VALD

KSHWTICH = 0 VALD

JSWICH = O VALD

VALD

REAN THE SENSOR MO, AND TIME OF DETECTION FROM THE DISK vVAaLD

VaLn

CLLL RFAN(BEGTME, FINTME, NRTRUK, NRGEN , NSIZ3, NNISKs NCNOT o vaLp
NPRNT, I 4 TIMEy NBRRTRK, NTRAJC, LSTCNV, LASTSN s VALD

MWARAYy W » NB y NSENSR, NSNS ) VALD

MSWTCH = O VALD

VALD

IS THIS DETECTION THE BEGINING OF A NiW STRIP ? VALD

VALD

TMECHK = TIME ~ TMELST(1) ~ BETA VALD

IF (TMECHK) 105, 105, 110 VALD

VALD

ND! CONTINLGE THE STRIP = UPNDATE LAST NETECTION COUMTER VALD

VALD

TMELST(1) = TIME vaLd

NDETFC(1) = NDETEC(;) + 1 VALD

GO TN 10D VALD

VALD

YES! ITS TME BEGINING OF & NEW STRIP, WAS THE PREVIQUS NNE VALID? vALD

VALD

IF (NDETEC(I) ~ [WCNT) 112, 116, VALD
JSWTCH = O VALD

MSWTCH = ) vaLD

60 Tn 209 VALD

VALD

STRIP WAS NOT VALIN. CHECK ALL WINDOWS YO SEE IF ANY SHOULD CLNSE.VALD

VALD

CALL CHXKWIN{INROP, TKTRAJ, INACTV, LASTSN, RoWND, NAVLID, NASTC « VALD
NDUSTR, RPRNT , NNPENT, NRTRAJ, MTISTRyNV. R (THMEFST(TIVALD

TMELSTIT)TSRAR o :1PWND o WLHTM JHUIPTH 4 IR e« VALD

REGTIME, FIMTME, NRGEN o MCNDT o NUTHUKGMRTJC o MBRTRK, VALD

10
20
30
a0
50
60
70

an
100
110
120
130
140
150
154
160
170
172
173
174
175
175
117
178
180
190
200
210
212
213
21a
220
230
240
250
260
270
2R0
290
300
310
320
330
340
350
360
362
364
3664
370
380
390
400
&0
420
430

TN




117

300

11R

301
C
c*!tt
C

119

120

121

122

Cexnn
C

123

C.
201

203

206

CRESRRCHE R Linat Ty S T SR By P I A

4
5
5

Cxousx YES [TS A VALID STRIP,
Cennx RE CLOSED. INCREMENT VALIN STRIP CNUNTER.

-106-

NEMD)  , NSEZ3 , NSNS, RETA 4 TWONT
CSENS 4, nly NRe 19 0O o NTRAJC, LSTCMNV,

TMEFSTy NWARAY
60 T 130

NVIE) = NV(I) + 1
CHEECK ALL OTHER SENSORS FNR VALID STRIPS

J =0
ISORT = 0
ASSIGN 123 TD MASSN

. J=J o+
IF (J = NSENSR) 300, 300, 204
IF ¢ J~ 1) 118, 117, 118
IF (NDETEC(J) ~ IWCANT) 117, 301, 301
tF { TIME - TMELST!J) -~ BETA) 117, 117, 119

STRIP IS VALID ~ PLACE IT IN LIST

ISORT = ISORT + 1
TMESR{TSURT)Y = TMELST(Y)
JSRIISORT) = 4
MVIJ) = NV(J) + 1
NDETFEC(JY) = O
IF (TMELST(J) GRa TMELST(1)) JSWTCH = 1
KSWTCH = 1
60 YO 117

SORT LIST ON LOW TIME

NNL = NSENSR - |
PO 122 K1 = 1, NN1
K2 = K1 + 1
NO 122 K3 = K2, NSENSR
IF (TMESR(KL) ~ TMESRIK3)) 122, 122, 121
TEMP = TMESR(IKI])

TMESR(KL) = TMESIIKI)
TMESRIK3) = TEMP
ITEMP = JSK(IKL)
JSR{KI) = ISR(K3)
JSRIKI) = [TEMP
CUONTINUE

vaLD
VALD

} VALD

VALD
VALD

SEE 17T ANY WINDUWS NN NTHER SENSORS SHOULN VALD

VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALLD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
vaLn
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD
VALD

FOR €ACH VALID STRIP CLOSE ALL WINDOWS ANN CHECK FOR ADMISIBILITY.VALD

ISORY = O
ISPRT = ISORT + |}
J = JSRUISNRT)
IF (J = 99999) 124, 201, 201

RESET SENSOR SNRT LIST

N 203 K1 = 1, [SORTY
TMESR(K1) = 993994,
JS2UK]1) = 99999
KSWTCH = 0
IF (KSWICM) 206, 205, 120

VALD
VALD
VALD
VALD
VALD
vVALD
VALD
vaLn
vaLn
vVaALD
vaLn

Lan
a5
L54
&nD
470
4R
4490
500
%10
511
512
513
514
515
516
517
518
519
514
51A
S1u
s1C
51N
51E
51F
516
516G
516
51¢
S1H
51H
511
51J
51%
SiL
51M
51
510
51»
510
51R
515
514
517
Siv
St
51X
51Y
517
&2N
521
Wo?
5§21
5db
S74
L XAl
L

K e A
PRt N g
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208 (F (MSWICH) 206, 20T, 206
204 IF (JSWTCH) 115, 115, 130
ASSIGN 130 TN MASSN

207

J =1
124 CALL CHKWIN(IOROP o IKTRAJ, INALTV, LASTSN, BWWND
1 NDRSTR, NPRNT 4 NOPEMNT, NRTRAJy NTJSTR,
2 +TMELSTI(J) o TSHAR , (IPWND 4 W s WLHTH
] REGTME, FINTME, NRGEN , NCMDT + NRTRUK,
Py e NEND o NSIZ3Z , NSNS o BETA o IWCNT
5 CSENS » WD s NS « J vy 1 v
& WCAP o TMELST, TMEFST, NWARAY
c
cesna CHECK THIS VALID STRIP FOR ANMISSABILITY [F SENSHR
c .
IF (INRQP{J)) 1000, 125, 127
125 CALL CHKANDM(IDROP , IKTRAJy INACTV, LASTSN, BWWND
1 » NDRSTR, NPRNT , NOPENT, NRTRAJy NTJUSTR,
2 «TMELSTI(J), TSHAR o UPWND , W v WLWTM ,
3 BEGTME, FINTME, NRGEN o NCNDT o NRTRUK,
4 s NEND o, NSIZ3 o+ NSNS , BETA ., IWCNT ,
5 C3EMS 4 ND + NB v J s+ NTRAJC
& NWARAY
127 GO TO MASSN, (123, 130)
C
ce®e® START A NEW STRIP
c
13n TMEFST(]) = TIME
TMELST(I) = TIME
NDETEC(L) = 1
G0 TO 100

C
Cessx ERRON

c
1000 WRITE(NPRNT,
1 FNRMAT(15H0% %o

MESSAGES
1)

RETUAN
END

INROP(JSYe Jy TIME
ERROR 200,

2110, F10.3)

VALD

VALD

vALD

VAaLD

NAVLIDs NASTC,VALD
NV Ry THEFST(J)IVALD
WUPTM 4 IR 4 VALD
NRTJC + NHRTRKVALN
NSENSRy MSENSoVALD
NTRAJCLSTCNV.VALD
}  VALD

VALD
VALD
VALD
VALD
NAVLID, NASTC VALD
NVoR, TMEFST(J)VALD
WUPTM , I8 yVALD
NRTJC o NBRTRKVALD
NSENSR, MSENS,VALD
¢ LSTCNV, WCAP, VALD
) VALD

VALD

VALD

VALD

VALD

VALD

VALD

VALD

VALD

VALD

VALD

VALD

VALD

VALD

VALD

VALD

1S IN STRING.

524
5246
526
527
529
530
540
550
560
570
570
580
590
600
610
620
630
bu0)
AS0
660
670
67N
675
6RO
690
700
710
720
730
T40
750
160
170
T80
790
R0O0O
810




